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SECTION 1

INTRODUCTION

1.1 Background

The uncontained failure of high-speed rotating turbojet engine parts
remains at the present time a serious and unsolved problem. Since June 1968
personnel of the MIT Aeroelastic and Structures Research Laboratory have been
developing and exploring analytical models which can be used to predict the

transient responses and containment potentials of simple containment devices.

The primary objective of this continuing research effort is to provide
designers in the aircraft engihe industry the necessary analytical tools for
the analysis of containment/deflection devices and ultimately, the development
of computer programs which will enable the optimum design of containment/deflec-

tion devices to be carried out.

In a previous report [l]*, the problem of containment/deflection of
burst turbojet engine parts was defined, and an approach to the problem was
outlined. A computer program, JET 1, which is capable of predicting the large
deflection, elastic-plastic response of a single-layer ring which may have an
arbitrary specified time-varying temperature distribution was presented. The
forces acting on the ring must be known and are specified as input to the pro-

gram.

As stated in Ref. 1, perhaps the major probliem in using programs such as
JET 1 is that the forces resulting from a fragment-ring collision are not known
a priori. To assist in overcoming this problem, a new method which uses mea-
sured position data from high speed photographs of spin-chamber tests carried
out at the Naval Air Propulsion Test Center, (NAPTC) Philadelphia,
Pennsylvania was advanced in Ref. 1 to calculate the forces acting on the con-
tainment ring. This method was implemented in a computer program termed TEJ 1

(JET 1 backwards), and tested by using "synthetic" position data produced by JET

*
Numbers in brackets, [ ], refer to references cited at the end of the text.



using known forces applied to a typical containment ring.

The TEJ 1 program was capable of satisfactorily predicting the forces
acting on a ring of nominal 7.3-inch midsurface radius if the exact position
data were perturbed with a pxobable error (PE) which was less than approxi-

mately 0.003 inch and were then used as input to TEJ 1. However, the best

position data obtained by NAPTC has a PE of about 0.0l inch; therefore, it was
concluded that the TEJ 1 program required some major improvements before it
could be used to calculate the interaction forces occurring in an actual con-
tainment test. Research efforts seeking such improvements are described in

this report.

1.2 Report Contents

The present report consists of three additional sections. The charac-
teristics of the new computer program JET 2 which calculates the transient
response of a multi-layer multi-material circular ring, subjected to short
duration~type external forces are described in Section 2. Improvements in the
method for calculating the external forces acting upon containment rings, using
measured ring positions obtained from high speed motion pictures are presented
in Section 3; as an illustrative application, this method is used to calculate
the forces resulting from the impact interaction of a single T-58 turbine rotor
blade with a 2024 aluminum containment ring. Section 4 is devoted to a summary

of the work accomplished to date and recommended avenues of further study.

Appendix A describes the Gaussian guadrature method used in JET 2 to
evaluate the inplane stress and moment resultants, and Appendix B presents the
user's manual for the JET 2 program, including the program listing and three

sample problems with input and resulting output.



SECTION 2

CAPABILITIES OF THE JET 2 COMPUTER PROGRAM

2.1 Introduction

JET 2 is the second of a series of computer programs which are intended
to be made available to the aircraft industry for use in analyzing containment/

deflection devices.

*
The program uses a step-by-step numerical integration method to compute

the large Kirchhoff-deflection dynamic elastic-plastic response of a multi-
layer, multi-material, hard-bonded circular ring (Fig. 1) that is subjected to
an initial impulsive loading that may, if desired, be followed at any later
time by an arbitrary, prescribed, time-dependent external forcing function.
Although certain aspects of the program are especially tailored to predict the
transient-ring response due to an impulsive initial loading and/or subsequent
external time-dependent loading distribution (as might be caused by a fragment
or fragments from burst high-speed rotating parts of jet engines colliding with
the ring), there are no restrictions placed on either the initial impulsive
loading or the subsequent time-dependent forcing function specified, except’
that in many cases the input procedure can be greatly simplified if one chooses
"standard" distributions which allow the loadings to be described with a mini-
mum number of parameters. Both the general methods and the special-case
methods for describing the initial ‘impulse and the subsequent forcing function

are illustrated in Figs. 2 through 4.

* %k
The program assumes a planar (uniaxial) stress state and can analyze a

ring structure (not a long shell) which consists of up to three hard-bonded,
different-material, concentric rings. Each ring material may be elastic,

strain-hardening, and/or strain-rate sensitive.

*

The theoretical aspects of the solution method, other than some explanatory
notes presented in Appendix A, are detailed in Ref. 1 and are not repeated in
this report.

*
The stresses vary with both circumferential location and through the thick-
ness of the ring.



2.2 Description of the Program

2.2.1 Assumptions

The following conditions and/or assumptions are made for the JET 2 pro-

gram:

1. The stress-strain curve corresponding to each layer of
ring material is the same for both tension and com-
pression.

2. The ring cross section is uniform around the circum-
ference and is rectangular in shape.

3. Each ring is hard-bonded to the adjacent one, i.e.,
there is assumed to be infinite shear rigidity be-
tween layers. No provision is made for layer separa-
tion and/or subsequent collisions in the JET 2 program.

4. Each material behavior can be elastic, strain-hardening
according to the mechanical sublayer (or subflange)
model given in Ref. 2. Strain-rate effects are in-
cluded (Fig. 5).

5. Plane sections remain plane in bending; Kirchhoff
deformation behavior is assumed.

2.2,2 Program Capabiiities

2.2.2.1 Types of External Loadings

The JET 2 program is capable of considering any general external loading
desired including both an initial impulse type which is described by defining
the initial velocity of desired portions of the ring and a subsequent time-
dependent forcing function, described by defining both a space distribution and
an amplitude time history of the desired forcing function. The options avail-
able to describe these loadings include special cases in which a minimum of
input information is required. A code name is given in the left-hand margin

to identify each possible loading condition as listed below.

1. The initial impulse is specified by reading in or

calculating the mass point initial velocities in

one of two ways (see Fig. 2):



IOTA=1 The discrete impulse on each mass point is fixed
by prescribing initial velocity components.

IOTA=2 Sine-shaped velocity fields are specified to be
distributed over given numbers of mass points
oriented at constant given angles to the local
ring tangent.

The subsequent time-dependent forcing function in JET 2

must be defined in two parts, (a) amplitude versus

time and (b) amplitude versus location on the ring.

These quantities are described in the program as follows:

(a) Force amplitude versus time is presented as a

series of coordinates in time which specify values
of characteristic two-component forces on the
force-versus-time curve. The program then linearly
interpolates between points to obtain values of
force at intermediate times (see Figs. 3 and 4).

(b) The spatial distribution of the force acting on

the ring is described by one of the following:
JOLT=1 1If one of the following distributions has been
specified, stating that JOLT=1l at a later time
will repeat the distribution last specified.
JOLT=2 The completely arbitrary discrete force distri-
\bution in the y and z directions (or tangential
and radial) is specified by reading in values of
GTY(I), GRZ(I) which give the force amplitude
at each mass point relative to the current
nominal independent force for the y and the z
direction (see Fig. 3); new spatial distribu-
tions may be inserted at any desired instant.
JOLT=3 One or more local half sinusoid-shaped force
distributions are specified over given numbers
of mass points (which can be used to represent
discrete particle impact forcing functions).

The positions on the ring at which these



distributions can occur is arbitrary and each
function can move at a desired rotational ve-
locity to simulate a possible motion of each
particle after its initial impact with the ring.
Finally, the angle at which each force is ap-
plied is assumed to be constant in y,z space
and is defined as an input quantity for each

sinusoidal distribution (see Fig. 4).

2.2.2.2 Estimation of Bond Failure

Although it is assumed that the bond between layers is inelastic and of
zZero thicknegs, the program will compute, if desired, an estimate of the shear
stresses and elongational strains in the circumferential direction between ad-
jacent layers and these values are compared with input values of "bond failure
stress and strain", respectively. If the failure values are cxceeded by the
calculated values at any time during the run, the program signals the time and
location of each event in the output of the program. No other action is taken
by the program, however, and the computation process proceeds until the end of

the run as if the bond had not failed.

2.2.2.3 Program Capacity

The JET 2 program is capable of accommodating the following:

1. A maximum of three layers can be employed in the
compoéite ring.

2. The multi~layer ring can be divided into a maximum
of 100 mass (circumferential) stations.

3. The circumferential-normal stress resultant obtained
from the normal stresses acting through the ring thick-
ness at each mass station is calculated using a four-
point Gaussian quadrature for each layer. Thus, a maxi-

mum of 12 thicknesswise control stations is used to repre-

sent the ring cross section.



*
4. The total number of mechanical sublayers per control

station to simulate a general stress-strain curve must
not be more than five.
The number of memory locations required on the IBM 360-65 computer
at MIT to run JET 2 as listed in Appendix B is approximately 128,000 bytes.

This includes the locations required for the MIT computer library subroutines.

2.2.3 Program Contents and Arrangement

The JET 2 program is composed of a main program and 7 subroutines which
appear in the program in the order listed. The names and functions of these

programs are as follows:

MAIN The MAIN program applies only to a free hard-bonded multi-
layer, circular ring. It reads the ring geometry and
material property data and computes the quantities that are
constant throughout the program. MAIN calculates the initi-
al mass point coordinates, establishes the pertinent bound-
ary conditions, and initializes most of the variables used
in the subroutines. It will calculate a value of the
finite-difference time interval required for computational
stability, if desired. It controls the overall time cycle

and calls the various subroutines when they are needed.

IDENT The IDENT subroutine is used to print out at the be-
ginning of the run the values of certain input parameters,

and is used to identify the type of run that is being made.

IMPULS The data for the initial impulsive loading is read in
this subroutine and this information is then used to com-

pute the initial velocities of the mass points.

FORCE This subroutine reads the data pertaining to the subsequent

*Note that each control station of a given layer consists of up to 5 equally-
strained mechanical sublayers of elastic, perfectly-plastic material; each
mechanical sublayer has the same elastic modulus but a different yield stress
in oxder to represent strain-hardening behavior of the material.



STRAIN

STRESS

EQUIL

PRINT

time-dependent forcing function and uses these data to
compute the external forces acting on the ring at each

time step.

This subroutine contains the strain-displacement rela-

tions described in Ref. 1.

This subroutine contains the stress-strain relations.
The STRESS subroutine can be used for materials that
exhibit elastic, strain-hardening properties and for
materials with elastic, strain-hardening, and/or
strain-rate behavior. Testing for bond failure, if

specified, is done in this subroutine.

This subroutine contains the dynamic equilibrium

relations that are used throughout the run whether
or not external forces are acting on the ring. It
also computes the work done on the ring by the ex-

ternal forces.

The PRINT subroutine evaluates the strains on the
inner and the outer surfaces of the ring and com-
putes the relevant energies. PRINT also controls

the program output and format.

Further details are given in Appendix B.



SECTION 3

IMPROVEMENTS IN THE METHOD OF DETERMINING FRAGMENT~RING
INTERACTION FORCES FROM EXPERIMENTALLY-OBTAINED POSITION DATA

3.1 Introduction

As noted in Ref. 1, computer programs such as JET 1 and JET 2 have been
proven to be capable of predicting accurately the transient response of elastic-
plastic strain-hardening material rings when acted upon by prescribed impulse-
type or transient forcing functions. To assist in overcoming the difficulty of
the lack of knowledge of the character of the forcing functions caused by burst
rotor fragments interacting with a containment ring, a method was advanced in
Ref. 1 which substituted measured positions obtained from high-speed motion
pictures of spin-chamber fragment-ring interaction tests into the governing equa-
tions of motion to obtain estimates of the external force time history which
caused the response. This method, which was implemented in a program called
"TEJ 1" (JET 1 backwards), has since been considerably expanded and improved
to produce a new program called TEJ 2 which has been used with some success to
obtain the time~dependent forces resulting from two single-blade-interaction

tests with containment rings.

The description of the basic method used in TEJ 1 and the improvements
which have been made to yield TEJ 2 form the contents of Subsection 3.2. Force
results for a single blade interaction obtained by substituting measured ring
positions into TEJ 2, are described in Subsection 3.3. These results are then
used in JET 2 to predict the transient response of the ring tested; the re-
sponse results are then compared with the original measured position data to

check the reasonableness of the final TEJ 2 forces.

3.2 Description of the Method Used to Calculate the Forces

3.2.1 Review of the Method Used in TEJ 1

3.2.1.1 The TEJ 1 Program

In the TEJ 1 method, the equations of motion as used in JET 1 (and JET 2)

are reversed such that position-versus-time data of the ring are used to estimate



the second time derivative of the positions (accelerations) of each of the
finite~difference mass points. These derivatives are then used to determine
the inertial forces acting on each finite-difference mass point and these, com-
bined with the internal forces calculated from the smoothed positions, allow
the resultant external forces acting on each mass point of the ring to be cal-

culated.

In order to develop and evaluate the method, ring mass—-point position
data output from the example JET 1 run given in Appendix B of Ref. 1 was used
as input to TEJ 1. The results showed that when exact positions were used,
exact forces were calculated by TEJ 1. However, experimental position data
obtained from high-speed films of the rotor-burst tests are not only too
sparse in time (the current minimum interval between camera frames is 28 usec
and the finite-difference cycle time for a typical ring is about 1/10 this
value) but also it is inevitable that reading errors and uncertainties are pro-
duced when the film records are reduced to provide digital ring position data.
These errors can be demonstrated to have an approximate Gaussian distribution
about a mean value, with a characteristic probable error (PE) inherent with

the data reading and reduction process.

To investigate what effect varying degrees of error contained in the
position data would have on the results from TEJ 1, the position-time data
obtained from the JET 1 example of Ref. l* (hereafter referred to as the "exact"
data) were perturbed with a Gaussian set of random errors with a mean of zero,
and a PE as low as 0.0001 inch. Linear interpolation was used initially to
supply positions to TEJ 1 between the "supplied position data" which was spaced
in time so that it simulated available film record data. The forces obtained
from TEJ 1 using this simulated PE = 0.0001 inch perturbed, sparse position data
(hereafter referred to as the "inexact" data) showed no recognizable correlation
with the "exact" forces which were used as input data for JET 1. Since tests

made on position data obtained from film records (discussed fully in

*

The JET 1 example mentioned here and the JET 2 example 1 referred to in subse-
quent sections should be considered equivalent, when the JET 2 example 1 is the
JET 1 example carried out by using the JET 2 program.

10



Subsection 3.2.2) showed that the actual minimum values of probable error are
on the order of 0.0l inch, it was concluded that the position data would have
to be improved substantially by smoothing techniques before they could be used

to obtain a satisfactory estimate of the interaction forces.

3.2.1.2 Smoothing Methods

Of the various smoothing methods tried, the following method proved to
be the most efficient and yielded the best results. The first step consisted
of smoothing the position data for the ring at each instant of time, including
assumed initial values before time zero. If at each time instant, each y,z
mass point coordinate set is plotted against mass point number, it is possible
to generate smooth curves which describe approximately the shape of the ring
based upon the set of measured‘data, in a least squares sense. Because each
curve is cyclic in nature (closed ring), Fourier coefficients, including both
sine and cosine Fourier series were calculated at each time instant corre-
sponding to the camera framing times to represent the instantaneous ring con-

figuration.

The next step used Legendre polynomials to approximate (smooth) the time-
variation of each Fourier coefficient calculated in the first step. Once the
Legendre coefficients were calculated, the smoothed (in time) values of the
Fourier series coefficients could be calculated at any time desired, and thus
the smoothed x,y mass—-point positions were obtained as required for the TEJ 1

program (see Subsections 3.2.4.1 and 3.2.4.2 for greater detail)

3.2.1.3 Results Using TEJ 1

The force versus time results obtained using smoothed "inexact" position
data in TEJ 1 showed that forces which resembled the correct forces were ob-
tained if the probable error inherent in the position data did not exceed a
vélue of 0.003 inch. However, a probable error of lessbthan about 0.0005 inch
was required to obtain "good" forces. These values of probable error are con-
siderably less than what can be obtained from the high-speed pictures at
present. Thus the conclusion was made that the TEJ 1 program was not capable
of calculating acceptable estimates of the interaction forces and that con-

siderable improvement of the method and perhaps the accuracy of the measured
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position data was required.

3.2.2 Characteristics of the Position Data Obtained from

High-Speed Motion Pictures of Spin-Chamber Tests

3.2.2.1 Description of Experimental Method

Spin-chamber tests have been performed successfully on a large variety
of full-scale containment rings at the Naval Air Propulsion Test Center,
Philadelphia, Penn. since 1965. The purpose of these tests has been the gen-
eration of excellent quality high-speed motion pictures of spin-chamber tests which
could be used to illustrate clearly what happens during a high-energy fragment-
ring collision. In order to fulfill the need for high quality position vs.
time data to support MIT's analytic effort, tests by NAPTC have been made and
films taken of various ring-fragment interaction tests. Of the several test
results available, two single blade interaction tests, referred to hereafter as
Tests 88 and 91 (Ref. 3) are discussed in detail in this report. Both tests
involved the impact of a single 3.5-in. long T-58 turbine rotor blade, rotating
before release at about 15,600 RPM, into a 17.6-inch diameter, 0.152-inch thick,
1.507-inch long 2024-T4 aluminum containment ring. In each case, high-speed
motion pictures were taken of the event at a magnification of film-image size to
full-scale size of about 0,011. A total of about 100 frames was taken of each
test at a framing rate of about 33,000 pictures per second. Thus the total
writing time in each test was about 0.002800 second, and the average time be-

tween frames was about 30 usec.

Each ring was painted with black, nonreflecting paint before the test
and radial lines were machined into one end of the ring corresponding to 72
equally~spaced mass-station locations. Thus, photographs of the mass-station
locations, when viewed with the film reader, appear as dots which make up a

"segmented ring".

3.2.2.2 oQuality of the Position Data

Film positives were made of both test film records, and each was read
on an automated large screen X,y viewer. This device has a manufacturer-

specified sensitivity of 1 micron (0.00003937 inch) on the film plane. Thus,
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since the camera magnification was approximately 0.0l, the overall sensitivity
of the reader is about 0.004 in;h on the full-scale xing. The film reader uses
a l-to-50 image magnifier to enable the operator to position the reticle at
each mass station to be read. In all cases, this magnification is high enough
for the film grains to be viewed on the screen. Thus the operator must position
the reticle at each mass station using a pattern of varying density grains as

a guide.

In an effort to determine the maximum accuracy obtainable using the equip-
ment available at NAPTC, a still camera, with a lens system superior to the high-
speed camera, was used to take a picture of a static ring at a larger magnifica-
tion than used during the dynamic tests. The resulting film was then viewed in
the film reader and a known characteristic length was read several times. These
results were analyzed to find the probable error (PE) from a mean value. The PE
value of 2.12 microns obtained on the film plane or 0.0045 inch on the full-~
scale ring, is presently considered to be the minimum PE obtainable for mea-
suring the position data at NAPTC, given "perfect" photographs. It is recog-
nized that the PE obtainable from less than perfect high~speed photographs will

be greater.

An estimate of the average PE of the position data obtained from Tests 88
and 91 was obtained as follows. Each position on each film record was read a
total of 4 times, and the x,y coordinates of each reading were automatically
punched on IBM cardé. Next, each set of 4 readings was averaged and a devi-
ation for each separate reading from its mean value was calculated. These 4
deviations were then used to calculate a probable error for each point.
Finally, the arithmetic average of all the probable errors thus calculated was
found. The average PE for both tests was essentially the same and was equal to
approximately 3.5 microns on the film plane or about 0.012 inch* on the full-
scale ring. This value of'average PE is in general lower than that found on previ-
ous tests mentioned in Ref. 1. The improvement in the PE of the position data is

attributed to better gquality pictures and experience in reading the film.

%
This value of the probable error is approximated by PE = 0.0l in the rest of
the report.
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Although the arithmetic average of the PE of the mass point position data
has been determined as just described, it is useful to estimate the PE of the

location of the mean-position data (average of the four readings cited) since

only the mean-position data are finally employed in the TEJ-type analysis which
is discussed later. Such an estimate for the effective PE of the mean-position

data is given by:

(PE) P cading 1)
3/?%cz?ve = “_f;F==—_‘_ (
77
where
(PE) . is the probable error of each individual reading
reading

n is the number of readings averaged

(P is the resultant effective PE of the average of n readings

Eeffective
In Eg. 1 it is now assumed that the PE of each reading is equal to the arithmetic
average PE. Thus, for the mean position data obtained from Tests 88 and 91, the
effective PE is approximately 0.012//2 = 0,006 inch.

3.2.3 Use of JET 1 Results to Develop and Test TEJ 2

The JET 1 example chosen to generate position data for developing and
testing TEJ 2 was a 7.3375-in. midsurface-radius circular ring, 0.125-in.
thick, 1.0-in. long, made of 6061-T6 aluminum. The forcing function chosen
was a triangularly-shaped pulse, lasting 400 microseconds with a peak value
of 10,000 pounds at t = 200 microseconds. The total force was distributed
over a 25-degree segment of the ring in the shape of a half-sine wave at an
angle of 21 deg., to the local tangent. The complete ring was finite-differ-

enced into 72 equal-mass segments.

In order to approximate the NAPTC position data characteristics, random
numbers with a mean of zero and a Gaussian distribution such that the probable
error from the mean was 0.0l inch to conform to the results described in Sub-
section 3.2.2.2 for the nohaveraged data were generated and added to the JET 1
example exact position data. This set of "inexact" data does not perfectly
represent the actual NAPTC data since it is known that the PE of the experi-
mental data varies with both time and position on the ring. However, the
exact nature of the position errors and how they vary is not well enough known
to justifyAemploying a more sophisticated error representation of the NAPTC

data.

These data were then used in TEJ 2 with associated programs (to be de-
scribed) and the "final forces" calculated therefrom were compared with the
"exact" forces used originally in JET 1, in order to evaluate and to guide the
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development of the method for deducing the ring-fragment interaction forces.

3.2.4 Analytical Smoothing of the Position Data

3.2.4.1 Method Used to Smooth the Position Data

The method used to smooth (and approximate) the position data.for use
in TEJ 2 was essentially the same as that used in TEJ 1 as summarized in Sub-
section 3.2.1.2. The averaged y,z mass station coordinates at each time step
corresponding to the high-speed film records of the NAPTC tests were each
plotted against mass station number. The curves thus created were smoothed in
space using Fourier series* (including both sine and cosine terms) since both
the y and the z coordinates are cyclic in nature. The new space smoothed ring

shape is thus based on the set of measured data in a least squares sense.

Gram orthogonal polynomials* were then used to generate a smooth time-
variation curve of each Fourier coefficient in the above step. Gram polynomials
replaced the Legendre polynomials used in the TEJ 1 program because Gram poly-
nomials are orthogonal under summation whereas Legendre polynomials are orthogo-
nal under integration. Since the positions are discrete data (not functions),

summation rather than integration is proper.

Once the Gram coefficients are calculated, the time-smoothed values of
the Fourier series coefficients can be calculated at any time desired and the
Fourier coefficients can then be used to generate the doubly-smoothed** values

of position as required for the TEJ 2 program.

3.2.4.2 Method Used to Find the Optimum Number of Polynomials

to be Used in Smoothing the Data

The smoothing process described above accomplishes two things:

1. It improves the "inexact" position data by decreasing the

effective probable error.

2. It allows the calculation of intermediate (interpolated)
values of positions required by the TEJ 2 program.

However, it is not obvious how many Fourier and Gram polynomials should be used

*
All smoothing (or approximate-fit) methods mentioned in this report are de-

scribed in detail in Ref. 4.
*x
That is, first in space and then in time.
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to obtain a set of optimally-~smoothed positions.

In order to determine systematically the optimum numbers of polynomials
to use, "inexact" position data were smoothed with successively increasing
numbers of polynomials (where the number of Fourier and the Gram terms used
were varied one at a time) and the results for each case were compared with
the "exact" results. It is obvious that for a deformed ring, the smoothed
positions will not closely approximate the true positions for low numbers of
polynomials. In other words, the "smoothed" positions should imprové as more
polynomials are used. What is perhaps not obvious is that the use of too manyb
polynomials can give poorer results. Thus as higher numbers of polynomials
were incorporated, the smoothed positions started to degrade due to the smooth
curve's attempting to follow the errors rather than smooth them out. Using a
trial and error method for a PE = 0.0l inch "inexact" position data, where the
criterion for optimization of the number of Fourier harmonics was the mini-
mization of the overall average PE between the inexact position data and the re-
sulting smoothv curve approximation at a number of selected instants in time, the
"optimum" number of Fourier harmonics was found to be approximately 15. By the
procedure described in subsection 3.3.3 it was determined that the optimum

number of Gram polynomials for time smoothing is about 7.

The process used to arrive at the optimum number of Fourier coefficients
is illustrated in Fig. 8 where the overall average probable error between the
JET 2 example 1 synthetic position data and the space smoothed data is plotted
against the number of ¥rurier coefficients used to smooth the "data" at
various times during the ring response. This figure shows that the choice of
15 coefficients is a compromise between varying requirements for the differ-
ent profile shapes and is a true optimum value only for the JET 2 ring pro-
file occurring around the response time of 300 HUsec. In a strict sense, these
values should be considered applicable only to the "inexact" data used with
their associated PE, the number of mass stations used, and the type of forcing
functions chosen. ‘The optimum number of Fourier harmonics was found to be
dependent in varying degrees upon the shape of the ring which was being smoothed.
For example, if the ring is undeformed, i.e., a circle, then the optimum number
of spatial harmonics would be 1l.) However, since the transient deformation

shapes of the rings tested at NAPTC were similar to the shapes calculated in
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the JET 1 example, and the average PE of the "inexact" data was the same as

that calculated for the NAPTC data, it was assumed that the "optimum" number of
smoothing terms found above was applicable to the NAPTC data; hence, all suc-
ceeding calculations involving smoothing of position data in space and time,

used 15 Fourier harmonics in space and 7 Gram polynomials in time. Extrapolating
these results to position data in which the PE is either more or less than

0.01 inch, one would find that for a PE less than 0.0l inch, the optimum number
of smoothing terms would be greater than required for a PE = 0.0l inch, and
conversely, for a PE greater than 0.0l inch, a lesser number of terms would be

required to obtain the optimum smoothed curve.

3.2.5 Use of a Scalar Kalman Filter to Find the Optimum Forces

3.2.5.1 Introduction

If the dynamics of an ideal system with exact known conditions are com-
pletely understood and if some measurements of the system with their associ-
ated errors and uncertainties are available, then, on the basis of all the
measurements obtained up to a given (the present) time, it is possible to de-
termine the most likely values of the state of the system. The process of
determining these most likely values is called smoothing, filtering, ot pre-
diction, depending on whether, respectively, past, present, or future estimates

of the state of the system are to be found [5].

In this study, a filtering procedure was used to calculate at the present
instant in time an optimum value of the external force acting at each of 72
points marked on two aluminum rings impacted by single rotor blade fragments
in NAPTC tests, based on two values of force at each mass point (one calculated

and one estimated) and their associated levels of confidence.

The Kalman filter [6] enables one to calculate in a straightforward
manner optimum values of a quantity, given several measurements and/or esti-
mates and their associated confidence levels. The optimum value thus calcu-
lated will have a confidence level which will always be greater than any of
the measurement/estimate values which were used as input to calculate the

optimum value.
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3.2.5.2 Description of a Scalar Kalman Filter

The scalar Kalman filter formula for the variance®* after a discrete

measurement or estimate is incorporated is [5]:

2 A [
6 ~ Ok-l O_W\K

(2)

2z
K (3;—‘ + Cj;;K
where
Oi_l and Gi are the variances associated with somehow-known values
before and after the incorporation of the kth measurement,
respectively,
and 0; is the variance of the kth measurement or kth piece of

information from any source

Equation 2 is also called the "maximum likelihood formula" for combining the

variances of a quantity which contains two independent error sources.

The Kalman filter can be expressed also in terms of both the measure-

ments and the variances:

Q&-\ Rm
R -_—P(——- + —-——5-) (3)
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"

Rk—l and Rk are the "optimum” values of a quantity before and after

the inclusion of the kth measurement, respectively

énd R is the kth measurement value.

%*
The variance 02 of a subset,x;, is the name given to the square gf the

A : : 2 2 _Kkx*
standard deviation O of the subset and is approximated by 0 = §;=/(X5 Kx7)

- (k~1)
where k is the number of wvariables in the subset and x is the average of all

the x ‘s.
n
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Note that the resulting value of Rk depends on the ratio between

Ui—l and Oi . Thus, for example, if the confidence level of the new measure-

k
ment Rm is low (i.e., Rm is known to have a high error associated with it)
k k
2 . 2 :
then Gmk will be much larger than Gk-l and RkQ;Rk_l. In other woxds, the

inclusion of R.m into the estimation of Rk adds little to the accuracy of the
k
"estimated optimum" value. On the other hand, if 0; is low compared with
k
oi—l' then ngsRh and the new value would be greatly affected by the new

reading. k

As a numerical example of the above, suppose one is given a resistor

with a color code which indicates that its resistance is 100{) with a 5% un-

certainty. From this information R.o = 10002 and oi-l = (,05)2 = 25 x 10~4.
Now suppose that the resistor is measured on an ohm meter which has an uncertainty
. -4
of 1%. The meter measures the resistance to be 105 = R, where 02 =1x10 .
k

Substituting these values into Eg. 3, the best estimate of the resistance is
calculated to be equal to about 104.8. The variance associated with this
optimum value is calculated from Eq. 2 and is equal to about 0.962 x 10-4°

Note that this value is an improvement over that of the meter reading alone.

Thus, the Kalman filter can be used to calculate the "optimum value" of
a quantity in a simple and straightforward manner when one is given several
independent measurements of the quantity and that the optimum value thus
obtained will have an uncertainty value lower than any of the measurements

(or estimates) used to obtain the value.

3.2.5.3 Methods Used to Estimate the Forces

Estimates of the several forces acting upon the ring caused by the
impéct of the rotor blade were made from two major sources of information.
The first and most important source was the high-speed photographs taken of
the ring-fragment interaction during the test, and the second came from the

(known) initial conditions of the fragment as it impacts the ring.
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Several items of information were derived from the photographs:

(a) Since the impact of the single blade into the ring'was non-
symmetric (i.e., the overall summation of the external forces
acting on the ring did not equal zero) it was possible to
average the inertial positions of all the mass station positions
for each picture and thus obtain y and z position-time loci of
the c.g. of the ring. These two curves were then smoothed in
time using Gram polynomials. The resulting smoothed vy and z
position-time curves were differentiated twice to obtain
estimates of the c.g. acceleration versus time of each ring.
Knowing the mass of each ring and the time between photographs,
the overall forces acting on each ring could then be calculated.
Since 72 points were averaged to obtain the c.g. of the ring
as a function of time, the error involved with the c.g. location
is considerably less than the error associated with each mass
station position reading. This supposition is confirmed by
Eg. 1 in Subsection 3.2.2.2 when calculating the variance
associated with the average of the readings. Thus, these
overall force estimates have a relatively low error level

associated with them compared with other values of interest.

{b) Information such as a general estimate of the direction of the
force vector can be made from the pictures. The area of applica-
tionsbf the forces is also obtained by noting the location of
the fragment (or fragments) in each photograph. Conversely, and
of perhaps more importance, areas where the external forces are
known to be zero can easily be noted (i.e., areas obviously not

in contact with the fragment).

(c) Finally, it is sometimes possible to calculate the overall forces
acting on the fragment (or fragments) by measuring the fragment
c.g. vs. time locus as described above for the ring. This method
was not useful in the case of the single blade impact since for

practical application the fragment must, in general, be nondeforming
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and large enough so that fragment position measurements can be

made accurately.

The second source of information (the initial conditions of the fragment
as it impacts the ring) includes such items as the dimensions and weight, the
initial translational and angular velocity, and the calculated values of
kinetic energy and momentum of the fragment. While these quantities do not
yield quantitative values for forces, they are useful for giving insight into

the phenomenon and can be used to check force estimates obtained in other ways.

3.2.5.4 Methods Used to Estimate the Variances for Use in the

Kalman Filter

The Kalman filter requires a value of the variance for each piece of
"information" used in the calculation of an optimum quantity. In the case
of TEJ 2, (to be described in Subsection 3.2.6) the Kalman filter is used to
find the optimum impact forces acting on a containment ring, given (1) an
estimate of the forces (as discussed in Subsection 3.2.5.3) and (2) a calculated
value obtained from using the reversed equations of motion as discussed in
Subsection 3.2.1 for TEJ 1. Unfortunately, the values of these variances are
not known for the case where experimentally measured containment ring position
data are used in TEJ 2. Therefore it was necessary to estimate these variance
values on the basis of studies conducted using the "data" obtained from the

JET 1 example described earlier.

VARIANCE ASSOCIATED WITH THE APPLIED EXTERNAL FORCES

To find the variance associated with the TEJ 1 type calculated force,
the 15 Fourier harmonics and 7 Gram polynomials - smoothed PE = .0l in. "inexact"
position data from the reference JET 1 example were substituted into TEJ 1, and
calculated forces were obtained for each of the 72 mass stations. Next, the
forces calculated for the area on the ring where the exact forces had been ap-
plied in JET 1 to obtain the original "exact" positions were compared with the
"inexact" forces, and the differences between the "exact" and calculated force
values were used to obtain an average value of the variance for the calculated

forces.
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The estimated forces were obtained from the inexact position data by dif-
ferentiating twice with respect to time the 7 Gram polynomial smoothed center-
of-gravity locus obtained from the JET 1 "inexact" data to obtain an estimate of
the overall acceleration, and thus the external forces acting on the ring. The
overall external forces obtained were "assumed” to be distributed in a half sine
wave fashion over five mass stations and the resulting individual forces were
compared with the "exact"” forces which also were prescribed to have a half sine
wave distribution over these same five mass stations. The deviations between the
"exact" and the "estimated” values were then used to calculate an average value of

variance for the estimated forces.

The average values of the rms deviation obtained for the calculated
and estimated forces in the area where external forces are applied were 5000
and 1000 pounds, respectively; these values are based on a peak total force
equal to 10,000 pounds (see Subsection 3.2.3). Note that the calculated values
of force appear to be much less reliable than the estimated values. There are
at least two reasons for this result. First, the c.g. locus upon which the
estimated forces are based is actually an average of 72 mass positions at each
instant of ﬁime, and thus should be considerably more reliable than each
individual position vs. time. Second, the individual forces acting upon each
individual mass station include not only the externally applied forces but also
internal elastic forces as well. The degree to which the external forces are
correctly estimated depends to a great extent on how well the internal forces
are calculated. These internal forces are directly proportional to the strains

present in the rihg and thus an accurate estimate of the strains is required.

Since the elastic limit in aluminum occurs at a strain level of about
0.005 inch/inch, or at an elongation of about 0.004 inch between mass stations
for the example ring, a sensitivity of at least 1/5 of the maximum elastic
limit strain or 0.0008 inch is required in order to make even a rough estimate
of the internal forces. Although the smoothing process used presently improves
the PE = 0.0l-inch position data to some extent, the improvement is not yet

sufficient to obtain the PE = 0.0002 inch position data required to obtain

*
The standard deviation ¢, with which the variance 02 is associated, is assumed

hereinafter to be equivalent to the average rms deviation, =5, (dx,)%

4

. . . . K
where dxn is the deviation of a variable from the exact wvalue, and k is the
number of wvariables under consideration.

22



accurate calculated forces.* Thus, the optimum forces calculated from the
estimated and the calculated forces are mostly dependent upon the estimated

force values.

VARIANCE ASSOCIATED WITH THE FORCES OCCURRING ON THE

NON-LOADED PORTIONS OF THE RING

The portions of the ring not subject to external loading can easily be
identified from the high-speed photographs by noting the position of the
impacting fragment. Obviously, at all locations which are not being impacted,
the external forces must be zero. Thus, when the optimum forces are calculated
for these areas, the variance for the estimated forces (which are equal to
zero) is set to 0 (certainty), and the variance for the calculated forces is

set equal to infinity (zero confidence level).

3.2.6 BApplication of the Smoothing Method and the Kalman Filter

in the TEJ 2 Program

The organization of the TEJ 2 program** is illustrated by the flow
chart given in Fig. 6. The following sequence is used for each finite difference
time cycle in TEJ 2. The sequence starts for the J+lst cycle by defining three
positions for each mass station of the ring: one each at cycle J-1 and J (which
are smoothed optimum positions and have been calculated previously in the
manner to be discussed for the J+1 positions) and the J+1 position (which
results from smoothed photo positions obtained directly from the input values
of the position test data at time J+1) . These 3 sets of positions are substituted
into the central-differenced TEJ 1 equations of motion, and the external forces
acting on the ring are calculated (see Subsection 3.2.1). These forces are

hereafter termed the calculated external forces at time J. Next, the TEJ 2

*From Ref. 7, 99% of all the deviations from the average value of all the
readings will be within 2.6 standard deviations (0) or in other words, the
largest deviation in a set will be equal to about 2.60. Since PE = .67450,
the largest deviation will be approximately 3.9 PE, or if the largest deviation
desired is .0008 inch, the PE desired is about .0008/3.9 = .0002 inch.

%%
The TEJ 2 program differs from the TEJ 1 program mainly in that the Kalman

filter and some additional computational loops including TEJ 1 have been added
as Fig. 6 shows.
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program reads in values of the estimated external forces (see Subsection 3.2.5.3)

and these estimated external forces and the calculated values above are then
substituted into the Kalman filter with their associated variances. The
resulting optimum forces are termed the trial values of optimum external

forces at time J. These trial optimum forces are then substituted into the

JET 1 equations of motion along with the smoothed optimum positions at times
J-1 and J, and new positions, termed the optimum positions at time J+1, are
calculated (in essence, these optimum positions are the positions that the

ring must assume at the J+1 time cycle in order to yield the trial values of
the optimum external forces at time J). The last two steps are necessary to
insure that the final shape of the ring is smooth. Thus, the optimum positions
at time J+1 are smoothed in space in exactly the same manner as the original

‘ position data was space smoothed (see Subsection 3.2.4) using 15 Fourier
harmonics. Finally, these smoothed optimum positions at time J+1 are substituted

into the TEJ 1 equations of motion to obtain the final calculated optimum

external forces at time J.

In addition to the input quantities such as the smoothed positions and
the estimated forces, assumptions relating to the size of the area in the ring
over which the external forces appear (from the photographs) to act, and the
assumed initial shape of the ring before the external forces are applied must

also be considered.

Regarding the first consideration, the area over which the values of the
external force afe not known with certainty, hereafter termed the assumed zone
of loading uncertainty, must be defined in TEJ 2 so that the current variance
values can be assigned to the different parts of the ring. For initial TEJ 2
runs, the assumed zone of loading uncertainty was made equal to the area over
which the nonzero estimated external forces were assumed to act as shown in
Fig. 7a. During subsequent runs, the assumed zone of loading uncertainty was
increased significantly (while keeping the assumed loading distribution the
same) to investigate the effect of changing this important parameter (see

Subsection 3.5 and Fig. 7b).

Regarding the assumed initial shape of the ring, two possibilities
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exist. First, one can assume a perfect circle with a radius equal to the known
initial radius of the test ring. This condition is exactly true for the JET 2
example ring and only approximately true for the NAPTC test rings. (The ap-
proximation is a good one, however, since several diametrical measurements made
of the test rings before testing showed that each ring was out of round by at
most a few thousandths of an inch.) The second possibility is to initialize
the ring shape at time equals zero to the smoothed shape of the ring. This has
two opposite effects. On the negative side, some information is being dis-
carded, i.e., it is known what the initial ring shape is, and this fact is not
being used. On the positive side, the initial shape of the ring now does not
lead to the false supposition of initial stresses in TEJ 2 since the ring-shape

transition from the initial shape and the smoothed profile is smooth.

For the initial TEJ 2 runs, the initial shape of the ring was set equal
to a perfect circle; for subsequent runs, the initial ring shape was set equal

to the initial smoothed shape. This is discussed further in Subsection 3.5.

3.3 Assessment through Comparison of External Forces Predicted

by TEJ 2 with the Known Forces Used in JET 2

3.3.1 Introduction

In order to evaluate the analysis procedure embodied in the TEJ 2 program
and to assess the effects of various uncertainties, a "typical” example in-
volving a ring which is subjected to known transient external forces was de-
vised (see Example 1 of Appendix B). The resulting transient response was
predicted by the JET 2 program. Through some exploratory calculations,; the
externally-applied transient forces were chosen so as to produce transient de-
formations whose character and magnitude closely resembled those observed in
some preliminary NAPTC single blade-ring impact tests performed prior to

*
Tests 88 and 91 .

To simulate the fact that experimental ring deformation data will be
available only at spaced instants in time from high-speed motion picture

records, the predicted ring deformation profile information was recorded at

%
Typical experimentally-observed deformation profiles from Tests 88 and 91 are

shown in Figs. 15a and15b, respectively.
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chosen time instants (30 Usec apart) to match typical time instants or time spac-
ings in the experimental data. This "exact"” deformation profile information was
then perturbed by adding to it random exrrors having a Gaussian distribution, a
mean of zero, and a PE of 0.0l inch; this PE value is perhaps of the order of

that of the experimental data, since preliminary estimates had suggested a value
of this order. With this manufactured deformation information termed "inexact"
position data, the various procedures in TEJ 2 were applied in an attempt to de-
duce therefrom the known externally-applied forces used in this example problem.
This study, including a description of the procedures employed and the uncertainty
factors examined, is discussed in the remainder of this subsection where the steps
in the analysis of the manufactured data are, in order of implementation,
smoothing of the position data, estimation of the overall forces acting on the
ring, and finally substitution of these results and the ring parameters into the

TEJ 2 program.

3.3.2 Smoothing of the Simulated Position Data

A profile at time = 570 usec of the Example 1 ring analyzed and dis-
cussed in Appendix B is presented in Fig. 9 showing the exact positions ob-
tained from JET 2. (Note that the profile shape is not unlike the profile
measured for NAPTC Tests 88 and 91 and presented in Figs. 15a and 15b)

Figures 10 and 11 show the position-time locus in the y and z directions
of mass stations 1 and 38 respectively, for the exact positions, the inexact
PE = 0.0l-inch position data, and the smoothed inexact positions using 15 Fourier
harmonics in space and 7 Gram polynomials in time for JET 2 Exampie 1 of
Appendix B. The data for mass station 1 is typical of that for all stations
except for station 38 whicl is an extreme example. It was seen that except
for station 38, the smoothing process considerably improves upon the inexact

position data.

The approximation to the mass station 38 locus could be improved easily
by using higher numbers of polynomials in the least-square curve fit, but this
would be partially defeating since, as mentioned previously, position errors
could also be included with higher polynomial fits, and the overall error for

the entire ring would be worse. Finally, as will be shown, the results
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obtained from TEJ 2 using the smoothed synthetic data shown in Figs. 10 and 11
*
are quite satisfactory in spite of the poor fit obtained for the mass station

38 locus.

3.3.3 Estimation of the Overall Forces Acting on the Ring

In order to obtain an estimate of the external forces acting on the ring
for use in the Kalman filter in TEJ 2, the locus of the ring's center of
gravity (cg) is required. Taking the average of the smoothed inexact ring
positions to simulate the NAPTC test data would not be entirely correct, how-
ever, since the NAPTC data are not exactly positioned in inertial space for
each profile (only four background points are used in the NAPTC data rxreduction
to position each profile in inertial space). Since each of four NAPTC refer-
ence points was read four times, 16 readings are used to define the NAPTC
ring positibn in each direction in space; thus, since the PE of each reading
is about 0.0l inch, the probable errxor of the inertial space reference, using
Egq. 1, is about 0.01/4 = 0.0025 inch. Therefore, the inexact cg positions
for this synthetic example were obtained by averaging the 72 PE = 0.0l inch
inexact position coordinates in both the y and z directions (only the results
in the z direction are presented here) to obtain the cg of the ring at each
time, and then random errors with a mean of zero and a PE of 0.0025 inch were
added to each cg value to simulate the errors in the position of each experi-
mentally-obtained profile. This procedure was also used in the results de-
picted in Figs. 10 and 11 by adding the PE = 0.0025 inch for each picture to
the value of 0.0l inch used for each data point in the position data. The
smoothed curve of the inexact ring cg z-locus shown in Fig. 12 is a least-
square fit of the cg locations using 7 Gram polynomials over the 25-point (or

time instant) interval.

Figure 13 shows the resultant overall force estimates obtained by differ-

entiating the 6, 7, 8, and 9 Gram polynomial curve fits of the cg locus (as

*

As can be seen in Figs. 16 and 17, the deformation for NAPTC ring 91 (and also
NAPTC ring 88 which is similar) is considerably less severe than that of the
JET 2 example so that a least-square fit using 15 Fourier harmonics and 7 Gram

polynomials is considered adequate to approximate the position loci of the
test rings.
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shown in Fig. 12 for the 7 polynomial fit) twice with respect to time and multi-
plying the results by the mass of the ring. When these force estimates are com-
pared with the exact overall force used in JET 2 Example 1, it is seen that the
8 polynomial fit gives the most accurate representation of the exact forces.

It was found that using higher polynomial fits of the cg position locus re-

sults in poorer representations of the overall force estimate.

The 7 polynomial fit, while not giving as accurate a representation of
the overall force, was used instead of the 8 polynomial fit to estimate the
forces in the final TEJ 2 runs. This was done for two reasons: the first is
that the cg loci results of NAPTC ring Tests 88 and 91 show considerably more
scatter than is evident in the synthetic data (only the results for Test 91
are presented; see Fig. 18). This fact is surprising since the PE of the
synthetic data is approximately the same as for the average PE of the NAPTC
data. Thus, it was felt that a lower order curve fit would probably give

better results for the NAPTC test data.

Secondly, the 7 polynomial fit was chosen in order to investigate the
effect of using a less-than-perfect estimate of the overall forces in TEJ 2
(the 8 polynomial fit gives essentially exact overall forces for the synthetic
data as shown in Subsection 3.3.4). Also, it was felt that this procedure
would hopefully give added insight into the quality of the results obtained
from the NAPTC test data.

Finally, note that all of the overall-force—approximation curves either
increase or decrease without bound at each end of the force versus time curve.
This characteristic résults from the fact that the curvature at each end of
the curve is poorly defined since the position data is defined only between
these limits. Although one can generalize by saying that the forces in the
center of the curve are fairly representative, and those at the ends should be
disregarded, there is no clear cut method for determining where the overall
forces ére well estimated and where the point exists where the estimated
forces become unreliable. Because the cg time locus of the NAPTC ring
appears, in general, to fit a straight line in the final time portion of the

response (see Fig. 18b for example), the estimated overall force (as shown
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later) were "assumed" to be zero for use in the TEJ 2 program.

3.3.4 Results from TEJ 2 Using Simulated Position Data

The final step in the calculation of the external forces acting upon the
ring using simulated PE = 0.0l-inch inexact position data is to substitute the
ring's dimensional parameters, material properties, estimated external forces,
and the smoothed position data into the TEJ 2 program. As mentioned in Sub-
section 3.2.5.4, the standard deviation (0) assigned to (a) the TEJ 1 t?pe cal-
culated force (Ocal) and (b) the overall estimated forces (Oest) in order to ob-
tain the optimum forces, are 5000 pounds and 1000 pounds, respectively, based on

a peak total force of 10,000 pounds.

The results obtained from inputting the synthetic example-problem data
into TEJ 2 are illustrated in Fig. 1l4a where the resulting estimated force, cal-
culated force, optimum forces beforé and after space-position-smoothing, and
exact force are plotted versus mass station number at time equals 210 usec; this
time corresponds approximately to the time of peak force. Since these results
are representative of the results obtained for the complete TEJ 2 run (including
the latter part where the optimum force equals the calculated force which equals
zero) only the forces in the y-direction at the time of peak force are presented.
Figure 14a shows that the resulting final optimum external forces from TEJ 2 are
fairly close to the exact forces used in JET 2 to obtain the original exact
position data. The fact that plausible forces were calculated from TEJ 2 is not
surprising since the overall forces calculated from the cgy loci results were
essentially exact, and the assumed spatial distribution of the overall forces
in both TEJ 2 and JET 2 were the same.* Similar results were noted for other

instants of time.

In order to see the effect of changing the variances (i.e., the confi-
dence levels of the calculated and estimated forces, respectively) so that the
calculated values of force were emphasized, TEJ 2 was run with the aforementioned
data except that the values were reversed so that the standard deviation for the
calculated force (Ucal) equalled 1000 1lbs, and for the estimated force (Gest)
equalled 5000 1lbs. The results from this run are illustrated in Fig. 14b which
presents the calculated force, optimum forces before and after space-position

smoothing in the y-direction, and the exact force versus mass station number at

*
The influence of assuming a different size of the zone of loading uncertainty
is discussed in Subsection 3.5.
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time equals 210 Usec. Note that the final optimum forces are fairly well repre-
sentative of the exact forces and are an improvement to the TEJ 1 type calculated

forces.

The Fig. 14b final optimum force results compared with those of Fig. l4a
show little difference except that the latter provides better agreement with
the exact result at the peak-load point and less spurious overshoot in the
vicinity of mass station 40; however, the Fig. 14b results exhibit somewhat
smaller values than for those of Fig. l4a over those mass stétions on which the

externally-applied forces are known to be exactly zero.

It can be concluded from the foregoing results that if the position data
obtained from spin-chamber tests can be characterized as having Gaussian errors,
with a value of PE equal to 0.0l inch or less associated with them, TEJ 2 can be
expected to provide good estimates of the forces acting upon the ring during
the test, assuming that a valid assumption can be made for the size and location
of the "loading zone" and that other important but unrecognized factors are not

present to affect the experimental data.

3.4 Preliminary Results Using Data from Two Single-Blade Interaction

Tests with 2024-T4 Aluminum Containment Rings

3.4.1 Description of Tests and Data Reduction

Two examples involving experimental data from NAPTC spin-chamber tests (88
and 91) are discussed in this subsection. Both pertain to the interaction of a
single 3.5-inch long T-58-turbine blade with a 2024-T4 aluminum containment ring:
17.6-inch diameter, 0.152-inch thick, and 1.507-inch long. The pertinent informa-
tion [3] which characterizes NAPTC Tests 88 and 91 are shown in Table 1. High~-
speed photographic measurements and data reduction as described in Subsections

3.2.2.1 and 3.2.2.2, respectively, were carried out.

The position data as received from NAPTC for Tests 88 and 91 consisted of
four readings each of 4 background reference points and 72 mass stations* marked
on the ring for each of about 40 frames of high-speed motion picture film with
about 30 Usec spacing. These data for each of the two tests were checked for
"gross errors" using a specially written computer program which (1) averaged

each set of 4 readings, (2) found the standard deviation of each set, and (3)

%

For identification of the test ring, mass station locations at 72 equidistant
circumferential locations were numbered 1-72 prior to the test; this number
tagging is retained in the data reduction and in the discussion herein.
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compared the deviation from the mean of each reading with the average standard
deviation. For those readings where the deviation exceeded 4 times the standard
deviation, a warning was printed, which allowed for a quick check of the data in-
volved. In most cases, the data were not corrected and large deviations were at-
tributed to poor definition on the film negative. 1In the few cases where it was
obvious that a wrong point had been read, the data were corrected by using an
average of the 3 remaining points of each set. After this checking procedure,

the probable. errors of individual readings of each mass point position from the
mean position defined by these readings were averaged and wefe found to be approxi-

mately 3.5 microns on the film plane (about 0.0l inch on the full-scale rings).

The position data were then averaged and converted from the film reader
coordinates to inertial coordinates using the 4 reference points in each pic~-
ture to define the inertial coordinate system. These data, all referenced to
a common coordinate system were next smoothed as discussed in Subsection

3.4.2.1.

3.4.2 Calculation of the Input Data for Use in TEJ 2

In the following, the Test 91 results are used to illustrate the results
obtained from calculations made with the experimental data; since Tests 88 and
91 were very similar, it would be needlessly repetitive to describe in detail

all of the results obtained from both sets of test data.

3.4.2.1 Least—-Square Smoothing of the Experimental Position Data

The step-by-step calculations made on the NAPTC Test 91 data were ex-

actly the same as made on the simulated data described in Subsection 3.3.2.

Profiles of both rings NAPTC 88 and NAPTC 91 are presented in Figs. l1l5a
and 15b, respectively, at time = 570 usec* for example, showing the NAPTC
position data and the to-be-described results from JET 2 using forces obtained
from TEJ 2 analyses of the test data. Note that the deflection resulting from
the single blade interaction in both cases is much less severe than that used

in the example problem discussed in Subsection 3.2.

Inertial position loci of mass stations 19 and 55 for NAPTC Test 91
versus time are presented, for example, in Figs. 16 and 17, respectively, for
both the original averaged data and the smoothed position data using 15 Fourier

harmonics in space and 7 Gram polynomials in time. Note that the scatter in

E3
This time is chosen arbitrarily but provides profiles which are representative
of large deflections. 31



the unsmoothed position data is considerably greater than that evident in the
previously-discussed manufactured or synthetic data (Figs. 10 and 11). This is
unexpected since the average PE of both sets of data are both believed to be
approximately equal to 0.01 inch.

3.4.2.2 Estimation of the Overall Forces Acting on the Ring

The averaged positions obtained from the NAPTC test data were next used
to find the cg locus vs time. Tests were run at NAPTC to determine the time
between initial fragment-ring contact and the first high-speed picture. The
results of these tests showed that the delay time was approximately equal to
the time for two camera frames for the camera framing rate used during Tests
88 and 91. Thus, for the c¢cg locus curves, the first-picture results were
assumed to apply for time equals zero until 2 Atc, where Atc is the time be-
tween camera frames. Since it is known that the interaction forces are zero
before time equals zero, mass point location at 4 "frames" before zero time
were assumed so that an approximate zero acceleration condition at time before
zero would result. These results are presented for the y and z directions of
test ring 91 in Fig. 18a and 18b, respectively. A 7 Gram polynomial least-
square fit was next calculated and the results are shown in Figs. 18a and 18b.
Note again that the scatter evident in the cg locus is much greater than that
calculated from the example-problem data shown in Fig. 12.

Figures 19a and 19b present the total estimated external forces acting
through the test ring 91 cg vs time using 6 to 9 Gram polynomial approxima-
tions of the cg locus data presented in Figs. 18a and 18b. The most interesting
result to note here is that the different polynomial approximations do not seem
to give a single estimate of a characteristic overall force. In other words,
different polynomial approximations of the same cg locus yield entirely differ-
ent overall force estimates. This is especially true in the case of the forces
in the y-direction, (Fig. 19a), where the overall force estimates from differ-~
ent polynomial fits are actually of opposite sign during the time studied. The
reason‘for this behavior can possibly be attributed to one or more incompletely
understood characteristics of the NAPTC data, such as, for example, an actual
PE which varies both in space and time and which may be larger than the presently
assumed value of 0.0l inch PE. Further analysis of the NAPTC data characteristics,
as suggested in Subsection 3.6, should produce a fuller explanation of the

results presented in Fig. 19a.
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3.4.2.3 Additional Input Data and Initial Conditions

In addition to the smoothed ring positions and the estimated external Fforces
as discussed in Subsections 3.4.2.1 and 3.4.2.2, the ring parameters, the material
properties, and the variances must be specified for input to the TEJ 2 program.

The ring parameters used in the TEJ 2 run are those presented in Table 1, and the
standard deviations used are the same as used in the synthetic-data example using

JET 2 position output (that is, © = 5,000 lbs and Oe

cal st = 1,000 1bs)*. The uni-
axial static, room temperature, stress-strain properties used with both the NAPTC
88 and 91 test data to characterize the 2024-T4 material were obtained from Ref. 8
and can be represented by the following stress-strain coordinates (0,€): (0 psi,

0 in/in); 0.005, 50000.); (0.030, 56000.); (0.080, 62000.). The material mass
density used for aluminum was 0.0002524 (lb—secz)/in4° As was mentioned in Sub-
section 3.2.6 for the preliminary TEJ 2 runs, the initial shape of the ring was
assumed to be a perfect circle, and the zone of loading uncertainty, over which
the external forces were "observed" to act, was set equal to 7 mass points and was
placed on the area over which the external forces were assumed to act; the effect
of assuming a larger zone of loading uncertainty is discussed in Subsection 3.5.

3.4,3 Prediction of Optimum Forces

3.4.3.1 Optimum Forces Obtained from TEJ 2 Using Position
Data from NAPTC Tests 88 and 91

The preliminary optimum-force results obtained from inputting the data
pertaining to NAPTC Tests 88 and 91 into TEJ 2 are presented in Tables 2 and 3,
respectively. All forces not specified in the table are equal to zero and all

forces occurring after the final time listed also have zero magnitude.

These TEJ 2 runs incorporate the same assumptions used in the TEJ 2 runs
with the JET 2 example problem data. These include the assumption that the
original shape of the ring is a perfect circle, and also that the assumed zone
of loading uncertainty (area where the external forces are not known to be
zero) is assumed in each case to be 7 mass points in area with the center of
contact observed from the test photographs made coincident with the center of

the assumed zone of loading uncertainty.

*These standard deviation values while based upon limited studies and attendant
assumptions employed in conjunction with the example problem studied in Subsec-
tion 3.3 represent only a heuristic first approximation to those unknown standard
deviation values which are presumed to apply to the experimental data of NAPTC
Tests 88 and 91. The applicable standard deviation wvalues in such situations
may depend upon time and spatial location around the ring as well as upon the
value of the characterizing peak amplitude of the loading. It is tentatively
assumed, however, that these dependencies are weak, but further investigation
of this matter is needed.
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To illustrate the sequence of steps shown in Fig. 6 and the attendant
results from using the TEJ 2 program to obtain the final optimum forces presented
in Tables 2 and 3, the calculated, estimated, and final optimum forces in the y
and z directions at time equals 210 lsecs, are plotted versus mass station number

for Test 91 data TEJ 2 results in Fig. 20.

From Fig. 20, which shows forces that are representative of the forces
calculated in TEJ 2 at a sequence of time instants, note that the final optimum
forces (B ) are very close to the estimated forces (© ) obtained from differenti-
ating the cg locus versus time. This is a natural result of the variance values
used, which greatly accentuate the estimated forces as was demonstrated for the
JET 2 example problem data. Note also that the calculated forces show significant
scatter over the whole ring and appear to have little similarity to a plausible
external force distribution expected from ring interaction with a single blade.
Finally, note that the final optimum forces are fairly well behaved except for
occasional oscillatory low amplitude peaks at locations away from the assumed
zone of loading uncertainty (ring-fragment interaction zone). These spurious
forces do not exist at the beginning of the run, and are observed generally to
grow with time during the TEJ 2 run. However, they can be observed to some degree
in all TEJ 2 runs, their nature (growing, fluctuating, or decreasing) and severity
varies greatly from run to run depending upon the data and the values of vari-
ances used.* From the results obtained from the TEJ 2 runs using the example-
problem (synthetic) data, it appears that they can be safely ignored by deliber-
ately setting them equal to zero (as was done for Tables 2 and 3) until, perhaps,
improvements in the method will remove their cause and appearance.

3.4.3.2 Cémparison of TEJ 2 Optimum Positions with the

Smoothed Position-Time Data

In order to determine the quality of the results obtained from TEJ 2 for
Tests 88 and 91, these forces were inputted into JET 2 with the appropriate ring
and material parameters, and the transient response was calculated for each ring
case. The results of these JET 2 runs are illustrated in Figs. 15a and 15b for
NAPTC Tests 88 and 91, respectively, where the measured and calculated profile

for each ring is plotted for time equals 570 lsec.

3

*
These oscillatory peaks occur during the final step in the TEJ 2 program when the

final optimum trial positions are smoothed in space and thus appear to be an indi-
cation that the optimum trial ring profiles are not smooth in the latter portions
of the TEJ 2 run.
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A comparison of the calculated and measured ring profiles for each ring
shows that while the calculated profiles have the same general shape as the
measured profiles, the difference between them in the area of contact with the
blade is much greater than one can attribute to reading errors in the position
data. Thus, while it is felt that the TEJ 2 final optimum forces may be
representative of the actual forces encountered during the blade impact,
attempts should be made to improve TEJ 2 so that better force predictions
can be made. Some studies which are proposed for seeking such improved pre-

dictions are offered in Subsection 3.6.

3.5 Influence of Some Uncertainty Factors

The calculations discussed in Subsection 3.3 for the example problem
{synthetic or manufactured data) and in Subsection 3.4 for the NAPTC Test 91
experimental data represent "baseline" calculations. In each of these two
cases one is required to make choices concerning the assumed size and location
of the loading uncertainty zone, the proper number of fitting polynomials,
etc. In order to explore the consequences of changes in these choices, a
brief series of calculations was carried out and is described in this sub-

section.

A total of 5 different variations in TEJ 2 was explored singly and in
combination, in an effort to improve the TEJ 2 results using the NAPTC Test 91

position data. These variations can be summarized as follows:

(1) The values of the variances used in the Kalman filter were
interchanged so that the caléulated forces were emphasized
in the assumed zone of loading uncertainty. (The trial
values of force outside this area were still set equal to

zexro, however.)

{(2) The assumed size of the zone of loading uncertainty
was increased for some runs from 7 mass stations to

15.

(3) The yield stress of the stress-strain curve for one

TEJ 2 run was decreased by 25%.
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(4) The initial profile of the ring for the nonstressed
condition was taken to be the smoothed position data

at time equals zero, rather than a perfect circle.

{(5) Nine rather than 7 Gram polynomials were used to
define the timewise behavior of the estimated

forces.

These changes were implemented in TEJ 2 only for the synthetic data and
the NAPTC 91 test data. A variety of combinations of changes was used, but a
lack of time prevented a thorough investigation of the effects of implementing
all the possible combinations. Thus, only general effects can be described

since complete quantitative results are not available at the present time.

Table 4 presents a description of the different TEJ 2 runs made to
investigate the effects of implementing the above changes. Accompanying the
list of parameters used is a short description of the results obtained for
each run. Two major observations can be seen from these results. The first
is that for the JET 2 example problem (synthetic) data, both acceptable forces
and acceptable positions (obtained by inputting TEJ 2 forces in JET 2) are
obtained for all of the variations tried, including that in which the calcu-
lated forces are emphasized in the Kalman filter. The second observation is
that in general, for the NAPTC 91 data either the TEJ 2 forces or the subse-
guent JET 2 positions or both are judged to be lower in quality than desired,
although they are considerably better than the calculated forces (which are

equivalent to the earlier TEJ 1l forces).

From the summary presented in Table 4 and the detailed results from the

computer runs, the following trends can be seen from each of the variations:

1. Emphasizing the calculated (TEJ 1) forces in the assumed zone
of loading uncertainty tends to improve the predicted JET 2
positions resulting from using the TEJ 2 optimum forces.

This is true for both the synthetic data (Run 1 vs. Run 2)
and the Test 91 data (Run 6 vs. Run 7). However, the
"acceptability"”" of the TEJ 2 forces, as far as their overall

appearance and plausibility is concerned decreases. For
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the example-problem data, this degradation is not great, and the
force results,; when smoothed with a 5-point smoothing formula,
appear to be a good estimate of the exact forces. However, the
plausibility of the Test 91 TEJ 2 predicted forces appears to
degrade considerably more than the synthetic data results. If
these forces are smoothed, the forces look more reasonable but
the resulting JET 2 positions using the smoothed TEJ 2 forces
are considerably worse than the positions obtained from the

basic TEJ 2 run (Run 6 in Table 4).

Increasing the size of the assumed zone of loading uncertainty
(Runs 3 and 8) yields the same trends as described in item 1,
although the degradation of the appearance of the optimum

forces is not as great.

Decreasing the yield stress for the ring material's stress-
strain curve (Run 10) resulted in optimum forces which were
somewhat different, but their overall appearance was essenti-
ally unchanged. When these forces were substituted into

JET 2, however, the resulting positions tended to be con-
siderably worse than those obtained from Run 6 (the "base-

line run" for Test 91).

Using the smoothed position data to define the ring shape at
time eguals zero improved the position results obtained from
the Test 91 data (Run 13), but essentially made little differ-
ence in those for the example problem synthetic data (Run 4).
Conversely, the plausibility of the optimum forces was con-
siderably worse for both sets of data when compared with the

baseline runs for each case.

Using a higher order Gram polynomial overall timewise force
fit for the estimated forces for the Test 21 data (Run 11)
did not make a very significant difference in either the
optimum forces or the resulting JET 2 position predictions.

The trend was found to be slightly degrading for the
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positions; the plausibility of the optimum forces was

essentially unchanged.

Since this examination of the influence of various uncertainty factors has
not been comprehensive, only very limited conclusions can be drawn; a more
extensive study is considered to be advisable. Within the studied range of
variation of each of these uncertainty factors, little or no improvement in
the plausibility of the TEJ 2 predicted interaction forxces has been found; a

more extensive study may reveal more pronounced effects.

It is clear that the present status of development of TEJ 2 is adequate
for both the type of information and the type and extent of information un-

certainties conceived of and examined in the example problem. These included

factors appear to represent an incomplete conceptual/mathematical model of

the actual experimental situation represented, for example, by NAPTC Tests 88
and 91. That is, the information ingredients employed in TEJ 2 at the present
time ((a) force estimates from cg motion, (b) force estimates from individual
mass-point motion data, together with hopefully plausible estimates of the PE
of these data, and (c) the data smoothing methods) may not be adequate to
permit the desired resolufion and accuracy of the predicted interaction forces
in view of the quality and quantity of the available experimental data in a
given test. It is conceivable that the use of (1) additional experimental
information such as transient strain measurements, for example, (2) a semi-
independent estimate, based upon momentum and energy considerations, of the
interaction forces (thus providing a third input to the Kalman filter loop),
and/or (3) a more effective yet-to-be-conceived means for processing the present
type of experimental position-time data may result in significant improvements
to the predicted interaction forces. Also, the improving of experimental

measurement accuracy and resolution must be reexamined.

3.6 Suggested Studies to Improve the Transient Force Prediction Capability

of a TEJ-Type Program

It is convenient to categorize, in the following three groupings, the
various matters which suggest themselves for further study and/or development

in a quest for improving fragment-ring interaction force predictions from a

38



TEJ type analysis; these groupings and some associated avenues which merit

study follow:

(1)

Basic TEJ-Type Analysis Developments

(2)

(a)

(b)

(c)

(a)

The current TEJ 2 program utilizes measured position data

for a complete circumferential set of mass points of a fragment-
impacted ring at discrete successive instants in time; these
data are processed to deduce "two preliminary estimates" of

the external forces acting on each mass point of the ring as

a function of time. These "two preliminary force estimates"
are then fed into a Kalman filter block together with chosen
weighting factors; the resulting output from the Kalman filter
calculation produces a "better" prediction of the external
forces acting on the ring. The introduction of a third
"preliminary force estimate" such as from a semi-independent
estimate from a simplified fragment-ring interaction model
which utilizes momentum and energy considerations, for example,
would improve the current TEJ 2 type (Kalman filter) prediction

of the sought forces, and should be pursued.

Data smoothing tech::ques [5] which utilize most if not all
of the earlier-time data in order to predict the external
forces acting on each mass-point location at any given time

should be examined and incorporated if feasible.

The cause of the spurious oscillating peaks in the forces
predicted in some of the TEJ 2 calculations involving the use
of the example-problem data should be sought and removed if

possible.

The cause of the time asymmetry of the FZ component of the
external forces predicted by TEJ 2 for the example problem

N

(see Fig. 13) should be searched out and remedied.

Study of the Effects of Various Factors in TEJ 2 by Application to

a Well-Defined Problem
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In the present study, Example Problem 1 of Appendix B has been
employed (as a reliable source of mass point position-time data, subsequently
perturbed in various ways) to assess the plausibility, reliability, and
accuracy of the forces predicted by utilizing this information in TEJ 2. That
examination, however, has covered only a small part of the spectrum of conditions
and choices which must be explored if a satisfacteory understanding and assess-
ment of this question is to be reached. Among the matters which deserve further
study to assess their effect in the TEJ 2 force predictions via the vehicle of
example-problem data similar to but more comprehensive than that utilized in

the present study are:

(a) The effect of various sizes of mass-point position probable
errors (PE), where the PE is taken to be the same for all mass

points and all instants of time.

(b) The effect of both space-varying and time-varying probable

errors of the mass point positions.

(c) A more comprehensive examination of the effect of using the
actual pre-impact ring mass-point positions for the unstressed
state of the ring in TEJ 2 rather than the smoothed pre-impact

positions.

(d) The effect of the extent and the location of the zone of load-~-

ing uncertainty (see Fig. 7).

(e) The effect of the size of the ratio of the variance t¢. the
peak applied load, for each of the types of "preliminary force
estimates" which are being supplied to the Kalman filter block

of TEJ 2.

(f) The effect of altering the type of assumed spatial distribution
for each component of the estimated forces (see Subsection

3.4.2.2) currently supplied to the Kalman filter block.

(3) Studies of Various Factors Pertaining to the Experimental Data

(a) A thorough assessment of the data from both Tests 38 and 921

should be carried out to determine the probable error in
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(b)

(c)

the position data (compared with a meaningful reference
utilized in TEJ 2 such as the smooth-position location) as a

function of both circumferential location and time.

Since Tests 88 and 91 were conducted under closely similar
(although not duplicate) conditions, the data from these two
tests should be carefully cross—-correlated in order to assess
their similar and dissimilar features. This is pertinent since
similar TEJ 2 type analyses of these two sets of data predicted

widely differing external forces acting on these two rings.

One should reexamine the advisability of changes in the
type and quality of the experimental transient response

data needed as input to a TEJ-type program.
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SECTION 4

SUMMARY

Research into the theoretical aspects of containment/deflection devices
has been continued during this past year and the general approach towards ob-
taining an understanding of the fragment containment/deflection phenomena has
been expanded. A new computer program, called JET 2, which can be used to
predict accurately both small and large Kirchhoff deformation transient re-
sponses of a multilayer, hard-bonded, multimaterial ring if the transient
externally-applied forces, the ring geometry, and the material properties are
known, has been developed, and is presented in Appendix B. The program has
the capability of taking into account any arbitrary prescribed time-dependent
forcing function; it can account for elastic—plastic, strain-hardening, strain-

rate dependent material properties.

As reported in Ref. 1, a program termed TEJ 1 was written, which em-
bodied a new method designed to deduce the resultant forces acting upon a
containment ring due to ring-fragment interaction, by analyzing position-time
data for the ring measured from high-speed photographs taken of the event.
The accuracy required of position-time data so that TEJ 1 could determine
acceptably accurate estimates of the transient external forces was found to be
approximately PE = 0,003 inch for a ring of nominal 7.3-inch midsurface radius.
However, available-information from error analyses made of experimental position
data supplied by the NAPTC indicates that the best accuracy currently obtainable
from the high-speed photographs is about PE = 0.0l inch for repeated readings
of the inertial position of any given point on a test ring at a given instant in
time. Thus, it was concluded that the TEJ 1 program was incapable of predicting
satisfactorily the external forces. Accordingly, improvements in that method

were desirable and have been carried out in the present study.

A new computer program TEJ 2, which is an outgrowth of the original
TEJ 1 program has been developed (but is not documented because of its
incomplete state) and improves upon the transient external force predictions

of the TEJ 1 program. This program has been demonstrated to be able to predict
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satisfactorily the external forces acting upon the ring due to fragment-ring
interaction if the position data can be characterized as having a PE less than
or equal to 0.01 inch, with a Gaussian distribution. However, the final
optimum force results obtained from TEJ 2, using experimental containment ring
position-time data obtained from NAPTC high-speed photographs, do not as yet
appear to be accurate enough for present purposes; it appears possible that
the position-time test data obtained from NAPTC contains additional errors
which have not yet been taken into account properly. Thus, it is concluded
that either further improvements must be made to TEJ 2 or improved experi-
mental position-time data must be obtained or both, in order to obtain satis-
factory interaction force predictions from TEJ 2. This effort represents one
facet of an attack on the central problem of determining the interaction forces

produced by fragment impingement upon containment/deflection structures.
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TABLE 1

DATA CHARACTERIZING NAPTC RING TESTS 88 AND 91

Ring Data
Material

Diameter (0.D. inches)
Radial Thickness (inches)

Axial Length (inches)

Fragment Data

Type

Material

Outer Radius (inches)
Fragment Centroid (inches)
Fragment Weight (1lbs)
Blade Length (inches)
Failure Speed (RPM)

Blade Tip Velocity(ips)
Centroidal Velocity (ips)

Fragment Translational KE
(in-1b)

Fragment Rotational KE
(in—-1%)

Camera Data

Framing Rate (pps)

Individual Frame Interval
time (uUsec)

Test 88

2024-T4 Aluminum

17.619
0.153
1.506

T-58 Single Blade

LAPELLOY C
7.0
4.812
0.084
3.5

15374.3
11270.
7748.

6525.

280.4

33950

29.4
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Test 91

2024-T74 Aluminum

17.619
0.152
1.506

T-58 Single Blade
LAPELLOY C

7.0
4.812
0.084.
3.5
15644.4
11467.
7884.

6756.

290.3

33225

30.1



TABLE 2
FINAL OPTIMUM FORCES* CALCULATED BY TEJ 2 FOR NAPTC RING TEST 88 WITH

Oest = 1000 LBS, Gcal = 5000 LBS, USING FORCE FITS WITH 15 FOURIER CO-
EFFICIENTS IN SPACE AND 7 GRAM POLYNOMIALS IN TIME
Time Mass Point Number (see Fig.l5a)
Usec 39 40 41 42 43 44 45
FY FZ FY F2 FY Fz FY FZ FY FZ FY Fz. FY Fz

29.4{ 116 171 | 128 850 | 197 1320 47 798 | ~17 114 0 o] 0 0

58.9 | 191 99 24 416 | 428 735 | 107 420 | 103 99 0 0] 0 0

76.6 | 307 106 15 304 | 557 618 79 291 | 118 84 0 0 (o] 0

88.4 | 254 96 10 214 | 553 506 | 111 205 | 147 100 o o] 0 0
117.8} 76 37| 245 135 | 467 268 | 246 113 | 112 79 0 0 0 0
147.3 | ~-25 =13} 321 76 | 478 84 | 295 71| 120 50 0 0] 0 0
176.7} 0 O 202 17 | 562 68 | 238 38 | 127 40| -49 0 0 0
206.2| 0 O |[-120 ~72 | 391 91 | 350 0] 315 78 31 0 o 0
235.6| 0 O 6 -24 | 271 96 | 373 93 | 260 121 77 25 0 0
265.1{ 0 O ~36 2 | 246 115 | 275 169 | 317 300| -19 -15 0 0
2%4.5, 0 0 | ~-180 3| 235 133 | 269 332 | 329 226 57 143 0 0
323.9} 0 O | -~109 16 | 166 208 | 304 407 | 104 177 | 132 183 0 0
353.4) 0 O0-| 141 73 | -34 238 | 305 458 | -36 186 | 128 150 0 0
382.9, 0 O 28 64 83 283 | 176 549 25 222 63 156 0] 0
412.3} 0 O | -118 69 | 147 314 79 631 7 238 82 192 0 0
441.8 0 O 24 98| =49 336 | 135 700 [-122 265 | 152 222 0 (0]
471.21 0 O 0O O |~-165 340 | 164 713 |-=156 289 | 146 204 | -96 -144
500.7, 0 O 0 o 38 86 4 402 17 659 11 408 24 94
530.1} 0 O 0O O 54 99 | -31 346 47 610 | -19 344 -4 43
559.6| 0 O 0 O |-188 104 | 206 352 {-171 502 | 136 383 | =99 -48
589.01 0 O 0O O} -89 140 49 214 | ~-41 534 | -49 138 | 175 255
6l8.5({ 0 0O 0 0 206 253 {-313 =-20 | 525 842 | -495 -253 | 616 686
647.9] 0 O 0O 0 341 294 {-330 =~78 | 584 759 | -433 -220 | 505 539
677.4! 0 O 0O 0| 251 303 |-241 ~-139 | 473 591 | -258 -121 | 347 307
706.8| 0 O 0 0] 305 272 |-330 -235 | 627 602 | ~441 -378 | 577 584
736.3] 0 O 0 0| 314 154 |~-247 -151 | 444 409 | =276 -308 | 335 434
765.7f 0 O 0 o 0 0 0 0 0 O 0 0] 0 0

*
Forces are given in pounds
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TABLE 3

FINAL OPTIMUM FORCES* CALCULATED BY TEJ 2 FOR NAPTC RING TEST 91 WITH

o) = 1000 LBS, OC = 5000 LBS, USING FORCE FITS WITH 15 FOURIER CO-

est al

EFFICIENTS IN SPACE AND 7 GRAM POLYNOMIALS IN TIME

Time Mass Point Number (see Fig.15b)
Usec 53 55 56 57 58 59
FY F2 FYy Fz FY Fz FY Fz FY FZ FY Fz FY Fz
30.1 20 56 | 50 147 | 78 295{ 43 170| 14 25 ¢] 0 0 0
60.2 | 32 99| 67 304 | 145 515| 61 270 47 30 0 0 0 0
90.3 27 111 99 443 | 159 691 95 427 24 74 0 0 0 0
120.4 1} 13 58 | 111 504 | 143 794 | 118 537 -9 99 0 0 0 0
150.5 | 13 92 {104 561 | 140 868 | 107 558| -4 108 0 0 0 0
180.6 7 104 | 74 546 141 902 | 72 559| 22 113 0 0 0 0
210.7 0 0 7 58 85 599| 92 949, 74 633 | ~16 124 0 0
240.8 0 0 3 60| 51 602 83 898! 42 627 17 66 0 0
270.9 0 0 3 O 18 580, 64 88l| -13 714 | 16 81 0 0
301.0 0 0 11 17 0 557 24 853| -19 o©68 -4 140 0 0
331.1 0 0 0 54| -8 490 -29 767 0 508 1| -13 108 0 0
361.2 0 0-19 71 {-20 463 | -67 668} -15 456 | -15 85 0 0
391.3 0 0 |-17 32 | -52 413 | -79 553|-52 417 |- 1 43 0 0
421.4 0 0| _ 0 c}{-18 66| -51 321(-116 537 | =51 324 |-21 66
451.5 0 0 0 0 =-23 31| -66 282-120 430 |-72 289 |-12 55
481.6 0 0 0 0}]-23 66| -82 190{-131 354 |-79 210 |-23 64
511.7 0 0 0 0|-12 61| -94 153|-137 282 (=79 143 |-14 21
541.8 0 0 0 0} -5 27 | =91 150{-140 247 | -99 171 |-20 38
571.9 0 0 0 0| -3 51-74 97 {-135 210 | -98 150 | -27 67
602.0 0 0 o 0 0 0 0 0 0 0 0 0 0 0

*

Forces are given in pounds
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FIG. 1 FINITE-DIFFERENCE MODEL AND NOMENCLATURE FOR MULTILAYER RING
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VTAN(MASSNG)
VRAD (MASSNC)
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(a) ARBITRARY LOADING
Z
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s BETA

VEEZ
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(b) LOCAL SINUSOIDAL DISTRIBUTION SPECIFICATION FOR NV = 2

FI1G. 2 CIRCUMFERENTIAL DISTRIBUTION OF THE INITIAL VELOCITY
CORRESPONDING TO SPECIFIC VALUES OF IOTA
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NOMINAL FORCE (LB

INPUT VALUES OF T2 ,AMP2TY ,AMP2RZ

ACTUAL NOMINAL
FORCE TIME HISTCRY

PROGRAM
INTERPGLATION
(LINEAR)

T IME (SEC)

TF INAL
T1=IBEGIN

AMP1RZ -C
‘ TIME

(a) "NOMINAL FORCE" COMPONENT TIME HISTORY
‘Z

GTY (MASSNC)
GRZ (MASSHNC)

IF NRTYZ = 1

RADIAL AND TANGENTIAL
VALUES OF GTY AND GRZ

7
MASSNO
MASS

STATION ARE READ IN
(NOF =5)
+- -y
IF NRTYZ=2
Y AND Z VALUES OF
GRZ (MASSNOC GTY AND GRZ ARE
READ IN

\ 3
; (NOF =6)

'<<::::GTY(MASSNO)
= MASSNO MASS STATION

(b) SPATIAL FORCE DISTRIBUTION

FIG. 3 TIME HISTORY AND SPATIAL DISTRIBUTION METHOD
CORRESPONDING TO JOLT = 2
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| -
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(c) DETAIL OF LOCAL HALF SINE FORCE DISTRIBUTION FOR MASSN=5

FIG. 4 TIME HISTORY AND SPATIAL DISTRIBUTION METHOD
CORRESPONDING TO JOLT = 3
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OVERALL AVERAGE PROBABLE ERROR, PE (INCH)

] ] LB ] 1] ] B
B SYMBOL T IME(pSEC)
e 0
Y A 150
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. O 450
0.20 P \V/ 500
4
- v
o 4
0.10 F
G

NUMBER OF FOURIER COEFFICIENTS USED TO SMCOTH POSITION DATA IN SPACE

FIG. 8 OVERALL AVERAGE PROBABLE ERROR BETWEEN JET 2 EXAMPLE 1
SYNTHETIC PE = 0.01-INCH POSITION DATA AND SPACE SMOOTHED
DATA VS NUMBER OF FOURIER COEFFICIENTS AT CHOSEN TIMES
DURING RING RESPONSE
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§ ® IMPACTED MASSES
10 © IMPACT-FREE MASSES
ORIGINAL RING PROFILE

ASS STATICON 1

FIG. 9 EXAMPLE RING PROFILE AT TIME = 570 USEC USING INEXACT
PE = 0.0l-INCH POSITION DATA FROM JET 2 EXAMPLE 1 IN

APPENDIX B, REFERRED TO INERTIAL COORDINATES
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FIG.1l0 MASS STATION 1 INERTIAL POSITION VS TIME FOR JET 2
EXAMPLE 1 IN APPENDIX B
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FIG. 13 TOTAL ESTIMATED EXTERNAL FORCE ACTING ON RING CG VS TIME USING
INEXACT CG POSITION DATA FROM JET 2 EXAMPLE 1 IN APPENDIX B
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INCH POSITION DATA GENERATED BY JET 2 EX-
AMPLE 1 IN APPENDIX B
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NAPTC MEASURED POSITIONS
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FIG. 15a PROFILE OF NAPTC TEST RING 88 AT TIME = 570 USEC,
REFERRED TO INERTIAL COORDINATES
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FIG. 15b PROFILE OF NAPTC TEST RING 91 AT TIME = 570 USEC,
REFERRED TO INERTIAL COORDINATES
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Appendix A

EVALUATION OF FORCES AND MOMENTS BY THE GAUSSIAN QUADRATURE METHOD

In the finite-difference formulation of the equilibrium equations used
to calculate the transient response of the ring structure, it is necessary to
evaluate the inplane stress and moment resultants at specific points around
the ring. Since the structure can undergo elastic-plastic deformations, the
thicknesswise state of plane stress assumed can be calculated conveniently
only at a finite number of locations through the thickness. A numerical inte-
gration (or quadrature) scheme is then employed to evaluate the inplane stress

and moment resultants.

Of the various classical quadrature methods available for use, Gaussian
quadrature is probably the most efficient and popular of the methods used. This
method requires, in general, abscissa values to be supplied at thicknesswise
locations specified by irrational numbers, but the Gaussian quadrature method
has been proven to be capable of supplying a comparable accuracy (compared to
other numerical integration methods such as the center-value rule, or Simpson's

rule) with half thé€ number of terms.

All quadrature methods evaluate the following integral in the following

J‘{(x) dx '%'-Z WS-HKS)

where wj are weighting factors whose values depend upon the location xj and

manner [9]:

the method used, and f(xj) are the values of the function (stress, for example)
at each xj. The inplane forces and moments to be evaluated involve integrals

of the form

Wa
3@) d¢

by,

Thus, by setting x = 2Z/h, the integral becomes:
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q@de = B /W qx
“hy, 3=t

Example calculations made in other elastic~plastic response studies [10]
using a finite-difference method similar to that used in JET 2 with 4-point,
6-point, and 8-point Gaussian integrations, has shown that the difference in
the transient deformation and strain results between using 4-point integration,
and the 6- and 8-point integrations, was negligible. That study indicated that
a 4-point Gaussian quadrature is sufficient for most problems of interest.
Therefore, because of the lower computation time and simplicity in programming,
it was decided to fix the number of stations used in the Gaussian quadrature

for each layer of the multi-layer ring at 4 in the JET 2 program.

For a 4-point Gaussian quadrature, the values for xj and W5 are tabu-
lated as follows [9]:

X. 1

J j j
1 | + 0.86113 63115 94053 | 0.34785 48451 37454
2 | - 0.33998 10435 84856 | 0.65214 51548 62546
3 | + 0.33998 10435 84856 | 0.65214 51548 62546
4 | - 0.86113 63115 94053 | 0.34785 48451 37454
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APPENDIX B

USER INSTRUCTIONS FOR THE JET 2 COMPUTER PROGRAM

B.1 Introduction

This appendix presents the detailed information required to use the
JET 2 program*, from a description of the required input to the presentation
of three sample runs, with input and resultant output which can be employed by
the user for checking the adaptation of the program to his computing facility.

Included also are a partial list and explanation of the variable names used in

the program and the FORTRAN IV listing of the JET 2 program.

B.2 Data Input Procedure

B.2.1 Input Data Required

The information required to punch a set of data cards for a run is
presented in a step-by-step manner in the following. The variables to be
punched on the nth data card are outlined in a box; to the right is the
format to be used for that card; and finally, the definition and limits for
each variable are given directly below. This is done for each card, in turn,

until all are described.

Cards 1 through 6 are used to describe the ring geometry, the ring model

makeup, and the program constants.

Card 1 Format
R, B , DELTAT 3E15.6
where
R is the radius to the inner surface of the composite

ring, in inches (see Fig. 1).

B is the width of the composite ring in inches.

®

Although the JET 2 program treats hard-bonded multi-layer rings having up to
3 layers each of different material, JET 2 may also be employed to analyze the
transient responses of single-layer rings.
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DELTAT is the time interval per cycle to be used in the
running of the program. As noted in Ref. 2,
DELTAT cannot be chosen arbitrarily, but is sub-
ject to the following stability criterion:
DELTAT should be chosen so that it is slightly
less (about 5%) than the smaller of the following

two times:

AT = (B.1)
Long NRING 1

AT = (B.2)
Lat NRING N
J BT,
i,=\
NRinG
Z (Oa\na

L=

where

AS is the distance between mass stations (% 2TR/N) , Ei = Ol/El of layer
i, pi and hi are the density and thickness of layer i, respectively, and Ii is
the area moment of inertia of each layer about the center-of-gravity axis of
the total cross section divided by the ring width B, where NRING equals the

number of layers in the composite ring. The program will compute and print

out both times and choose a stable value for DELTAT if the value for DELTAT is

set equal to zero in Card 1.
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Card 2

N, NRING, M, M1, M2, IND 6I5

where

N is the number of mass stations used to describe the
composite ring (see Fig. 1). This number should be

*
evenly divisible by 4 and cannot exceed 100.

NRING is the number of layers of different material used
in the composite ring. This number cannot be

greater than 3.

M corresponds to the computation cycle number at which

the run is to stop.

M1 is the cycle number at which regular printout is to

begin.
M2 is the number of cycles between regular printout

(i.e., print every M2 cycles).
* %
IND The bond(s) will be tested for failure if IND=l;
if IND=0, no tests will be made.

Card 3

NSFL(1),...., NSFL(NRING) | 315

where

NSFL (1) equals the number of mechanical sublayers in the

strain~hardening model for the first layer and equals

*
" This limitation, and others which follow, apply to the program as listed in
Appendix B. These limitations may be extended by altering the variable di-

mensions in the program.
&
It is assumed that there is an inelastic, zero thickness bond between all

layers in the multi-layer ring. If IND=l1 is specified, the program computes,
for each link, the shear stresses and strains in the circumferential direction
between adjacent layers and compares them with SFAIL and AFAIL (given on data
card 4), respectively.
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the number of coordinate pairs (GL’EL) defining

the polygonal approximation of the stress-strain
curve for that material (see Fig. 5). The first
layer of the maximum of 3 ring layers is defined
to be the inside layer of the ring (see Fig. 1}).

NSFL(1l) cannot exceed 5.

NSFL (2) equals the number of mechanical sublayers at any
point in the second ring layer (second from the

inside).
Continue until NSFL(NRING) is specified, where NRING is the total number
of layers in the composite ring.
If IND on Card 2 equals 1, Card 4 must be punched. If IND=0, go directly

to Card 5.

Card 4 presents the longitudinal strain and the shearing stress allowable

for the bonds (all the bond strengths are assumed to be equal).

Card 4
AFAIL, SFAIL 2El15.6
where
AFAIL equals that value of bond extensional strain in the
circumferential direction at which the bond(s) will
"fail" (in/in).
SFAIL equals that value of bond shear stress at which the

bond (s) will "fail" (psi).

Cards 5 and 6 describe the thickness and material constants for each

layer.
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Card 5a (for layer #1)

|H(1), RHO(1), D(1), P(1) 4E15.6
where
H(1) is the thickness of the first layer (in)
RHO(1) is the mass density of the first layer

(lb—secz/in4)

D(1) are the constants used in the strain-rate
P(1) formula
6, = 6o (1+ &7
< 6 (1e [E1%)
49 2 D

for the first ring layer (1); where (D) = (1/sec),
°y£ is the rate dependent yield stress of mechani-
cal sublayer (or subflange) %, and Oy 1is the
"static" yield stress of subflange &, where

O, = Eg, (see Ref. 2). If the material in ring
layer 1 does not exhibit strain-rate sensitivity,
set D(1)=0, and leave P(l) blank. Note that D and
P are treated as unchanged from one mechanical sub-

layer to the next in each ring layer.

Card 6aa(still for layer #1)

| EPSIL(1,1), SIGMA(1,1), EPSIL(2,1), SIGMA(2,1) 4E15.6
where
EPSIL(1,1) make up the first coordinate pair of strain and stress
SIGMA(1,1) in the first ring layer, which is used to define the

polygonal approximation of the first layer's stress-
strain diagram (see Fig. 5). The stress-strain dia-
gram from which these values and those following are
obtained must be upwardly-convex with nonnegative
slopes (€(%, IR) = in/in and O(%, IR) = 1b/in2), where

IR refers to ring layer.
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EPSIL(2,1) make up the second coordinate pair in the

SIGMA(2,1) first layer

Additional Cards 6ab and 6ac are punched in exactly the same manner as
Card 6aa until the number of coordinate pairs equals NSFL(l) punched on Card 3
for layer 1. The total number of coordinate pairs must not exceed 5 for any

layer. Do not include any unneeded (blank) cards.

Cards 5 through 6 are repeated for each additional layer in the com-
posite ring until the number of sets of cards equals NRING (given in Card 2).

The total number of sets of cards must not exceed 3.

Cards 7 through 9 are used to describe the initial impulse.

Card 7

IOTA, NV 2I5

where

I0TA can equal O, 1, or 2, depending on the type of impulse

distribution in the ring's circumference (see Fig. 2).

If IOTA=0, then no initial impulse is to be
introduced.

If IOTA=1l, the impulse will be defined at pertinent
mass stations by defining appropriate
initial velocities of each mass in
data cards 8 which follow.

If IOTA=2, an impulse distribution, made up of one or
more local sine-shaped initial velocity
fields is specified. The peak velocity,
the angle of inclination and the number
of mass points over which each impulse is
to be distributed, is specified below.

NV If IOTA=0, NV is not used and can be set = 0
If I0TA=1, NV is the total number of masses for which

the velocity components are to be specified

77



in Cards 8a, 8b, ... , etc. (All other
mass points not specified will have zero
initial velocities)

If TOTA=2, NV is the number of local sine-shaped ve-
locity fields to be specified in Cards 9a,
9b, etc.

If there is to be no impulse in the run, set IOTA=0, NV=0, and skip
to Card 10.

If IOTA=l, then the following No. 8 card(s) must be included:

Card 8a
MASSNO, VRAD, VTAN 15,2E15.6
where
MASSNO is the station (mass point) number at which the
velocity components VRAD and VTAN are to be applied.
VRAD, VTAN are the radial and the tangential velocities,

respectively, applied to MASSNO (in/sec). VRAD is
positive directed out, VTAN is positive directed

counterclockwise (see Fig. 2).

Additional cards (8b, 8c, ... ) are punéhed in the same manner until the
total number of cards specifying the initial velocity equals NV given in Card 7.

It is not necessary to list those mass points which have zero initial velocity.

Cards 9a, 9, ... are included only if IOTA=2 in Card 7.

Card 9a

MASSES, MSTART, VEEZ, BETA 215,2E15.6
where

MASSES is the number of mass stations over which the first

sine~shaped impulse is to be distributed.
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This number must be odd (see Fig. 2).

MSTART is the number of the first mass in the group over
which the sine-shaped impulse is to be distributed
(i.e., the impulse is to be applied to mass points

(MSTART) , through and including (MSTART + MASSES - 1)).

VEEZ is the peak value of the sine-shaped impulse distribu-
tion in inches per second. Thus the total impulse {(lb-sec)
imparted to the ring segment, due to this velocity

distribution, will be:

Mass

1 =% VEEZ = RiNe Mass (\ccee 1) (B.4)
Tor T N

BETA is the angle at which this velocity distribution is

applied to the ring referenced to the counterclock-

wise directed tangent in degrees (see Fig. 2).

Cards 9b, 9c are punched until the total number of No. 9 cards equals

NV on Card 17.

The remaining cards (10 through 15) specify the amplitude, duration, and

distribution of the subsequent forcing function.

The amplitude(s) of the forcing function (henceforth termed the nominal
force(s) )is specif%ed by listing the coordinates of the forces versus time
curves which describe the time-history of the forcing function. The program
then linearly interpolates between these points to obtain the required force

values at intermediate incremental times.

Card 10
TBEGIN, TFINAL, AMP1TY AMP 1RZ 4E15.6
where
TBEGIN are the times (in seconds) which define the beginning
TFINAL and the end, respectively, of the complete forcing
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function; i.e., the complete forcing function starts
at TBEGIN and ends at TFINAL. If there is to be no
forcing function during the run, set both TBEGIN and
TFINAL equal to zero.

AMP1TY are the initial Y and Z components, respectively, of
AMP1RZ the nominal force time history at time TBEGIN, in
pounds if JOLT on Card 1lla equals 2. If JOLT equals
3 on Card 11. only AMPLTY is used (leave AMP1RZ blank)
and is the nominal force time history on the sinusoidal-

shaped force distributions.

Card 10 will be the last data card if no forcing function is to be

specified.
Card 1lla
T2, JOLT, AMP2TY, AMP2RZ El5.6, I5, 2El15.6
where
T2 is the time of the second point to be specified on the
nominal force versus time curve in seconds (see
Figs. 3 and 4).
JOLT on this card can equal 2 or 3 depending upon the
method to be used to describe the distribution of
the forcing function on the ring during the time
lapse between T2 on this card and Tl read on Card 10.
JOLT=1 must not be used on Card lla. This is ex-
plained later.
AMP2TY are the nominal force amplitudes of the second
AMP2RZ point to be specified. (If JOLT equals 3, only

AMP2TY is used).

The circumferential force distribution resulting from the use of each

value of JOLT is as follows (see Figs. 3 and 4):
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If JOLT=2, the circumferential force distribution
on the ring is to be specified at each
loaded mass station by data input cards
which follow this card (see Cards 13a,

13b, e )

If JOLT=3, the circumferential force distribution
is assumed to be one or more sine-shaped
local force distributions applied to the

ring at desired locations.

Cards 11lb, 1lc¢, ... , etc. have the same format as lla and read suc-
cessive values of T2, JOLT, AMP2TY, and AMP2RZ. T2, AMP2TY and AMP2RZ on
each card give the coordinates of each succeeding point on the pressure versus
time curve, and the value of JOLT on each card describes the method for de-
scribing the force distribution on the ring during the time between the value
of T2 on that card and the value specified on the previous card. If JOLT is
set equal to 1 on any card from 1l1b on, the program will use the distribution

given by the last value of JOLT specified.

If JOLT=2 on any No. 1l card, then the following set of cards must fol-
low directly. These specify GTY(MASS) and GRZ(MASS) at each loaded mass point
(it is not necessary to specify zero forces), where GRZ (MASS) and GTY(MASS) are
the ratios of either (a) the radial and tangential or (b) the z and y forces,
respectively (depending on the value of NRTYZ given in the following card) at
the (MASS) mass point, to the current nominal force interpolated by the pro-
gram from values of AMPITY, AMP1RZ and AMP2TY, AMP2RZ given in Cards 10 and
lla, b, ... . The values of GRZ and GTY are henceforth termed "the normalized

values of force" at each loaded mass station.

Card 12

NOF, NRTYZ 2I5

where

NOF is the number of mass stations on the ring at which

forces are to be specified (all mass stations not
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specified will have zero forces)

NRTYZ should be set equal to 2 if values of FZ and FY are
to be read in. NYZRT should be set equal to 1 if

values of radial and tangential forces are to be

read in.
Card(s) 13a, b, ...
MASSNO, GTY(MASSNO), GRZ(MASSNO) I5,2E15.6
where
MASSNO is the mass station number at which the forces are to

be applied.

GTY (MASSNO) If NRTYZ equals 1, GRZ and GTY are the normalized

GRZ (MASSNO) values of force with respect to AMP2TY and AMP2RZ
given in Card 11 in the radial and tangential direc-
tions, respectively at the MASSNC mass point. Radial
is plus outwards, tangential is plus in the counter-
clockwise tangential direction (see Fig. 3b). If
NRTYZ =quals 2, then GRZ and GTY are the normalized
values of force with respect to AMP2TY and AMP2RZ
given in Card 11 in the z and y directions, respec-

tively, acting upon the (MASSNO) mass station.

Cards 13b, ¢, ... are repeated until the total number of No. 13 cards

equals NOF given in Card 12.

If JOLT=3 on any No. 11 card, then the following set of cards must
follow directly. These specify the local sine-shaped force distributions

illustrated in Fig. 4.
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Card 14

NUMS, RPM I5,E15.6

where

NUMS is the total number of sine-shaped distributions which
are to be specified.

RPM is the revolutions per minute, positive in the counter-
clockwise direction, at which all the sine-shaped forc-
ing functions are traveling. If the forcing functions
are stationary with time on the ring, set RPM=0.0.

Card 1l5a
| NSTAT, MASSN, ANGL, RATIO | 215, 2E15.6
where

NSTAT is the first mass station at the beginning of the first
forcing function (see Fig. 4). If RPM, specified on
Card 14, is nonzero, then the forcing function position
will start at NSTAT, where the pulse travel distance is
based on elapsed time from the time at which JOLT=3 is
first used.

MASSN is the number of masses over which the first sine-
shaped forcing function is distributed. This number
must be odd.

ANGL is the angle between the externally-applied force resul-
tant vector and the counterclockwise-directed tangent
(see Fig. 4), in degrees,

RATIO is the ratio of the total externally-applied force

(to be sine-distributed) to the current value of
nominal force interpolated by the program from values

of AMP1TY and AMP2TY given in Cards 10 and lla, b, ...
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Thus using RATIO and AMP1TY, AMP2TY, etc., one speci-
fies the total force acting on the ring and the pro-

gram distributes this in a half-sine fashion.

Cards 15b, 1l5c¢, ... are punched in the same manner until the total

number of No. 15 cards equals NUMS on Card 1l4.

There is no limit to the number of No. 11 cards that can be used when
specifying the total forcing function by coordinates of the force versus time
curve. However, it is important that the final No. 11 card specify the nominal
force at a time equal to or greater than TFINAL specified on Card 10, other-
wise computation will stop and an error message will be printed out stating

that further force data is required.

B.2.2 Input for Special Cases of the General

Stress—~Strain Relations

In the following, which apply to each layer in the composite ring, the
specific data for three special cases of the general elastic, strain hardening
constitutive relation handled by the computer program are given. Only the

relevant data are noted:

(1) Purely Elastic Case

Set NSFL(layer)=1 on Card 3, and make EPSIL(l,layer) and
SIGMA(l,layer) sufficiently high so that no plastic deforma-

tion occurs; for example,
EPSIL(1l,layer)= 1.0, SIGMA(l,layer)=E(layer)

(2) Elastic, Perfectly-Plastic Case

Set NSFL(layer)=1 on Card 3 and make EPSIL(1l,layer)=
SIGMA(l,layer)/E(layer) on Card 6.

(3) Elastic, Linear Strain-Hardening Case

Set NSFL(layer)=2 on Card 3 and set
EPSIL(), layer)= SIGMA(l,layer)/El(layer).
Also EPSIL(2,layer) and SIGMA(2,layer) on Card 6 are taken

sufficiently high in order to avoid plastic deformation in
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the second subflange. For example, EPSIL(2,layer)=1.0, and
SIGMA(Z,layer)=l.-EPSIL(2,layer)/E2(layer) + SIGMA(1l,layer).

B.3 Output

The printed output begins with a partial reiteration of the program input
which identifies the problem solved. The information presented varies with the
type of problem analyzed. Example outputs are presented at the end of this
appendix in Subsections B.6.1.2, B.6.2.2, and B.6.3.2.

After the initial printout has been completed, the following information
is printed out (this is done before the first cycle (J=0), after cycle M1l has

been completed, and at every M2 cycle thereafter:

J = [J] TIME = [TIME]

TOTAL ENERGY INPUT (in-1lb) = [CINETT]
KINETIC ENERGY (in-1b) = [CINET]
ELASTIC ENERGY (in-1b) = [ELAST]
PLASTIC WORK (in-1Db) = [PLAST]

The force distribution during this cycle is [...]

I v W N M STRAIN STRAIN
(in) {out)
1
2
N
where
J = Cycle number

TIME

]

Elapsed time corresponding to the end of cycle J



*
CINETT = Total work done by the impulse and subsequent forcing
function on the entire ring (in-1b)
CINET = The current value of kinetic energy present in the ring

{includes both the rigid body and relative kinetic

energies)
ELAST = Elastic strain energy, energy stored in the entire
ring (in-1b)
PLAST** = Plastic work done on entire ring (in-1b)
I = Mass point station number
A = The y-location Vi' of the ith mass point in
inertial space* (in)
W = The z-location; Wi' of the ith mass point in
inertial space (in)
N = Axial force Ni in the ith 1link (1b)
= Bending moment Mi at the ith mass point
station (in-1b)
STRAIN(IN) = Strain on the inner surface of the ring at the ith
mass point station.
STRAIN{(QOUT) = Strain on the outer surface of the ring at the ith

mass point station.

*The coordinates V and W of the mass stations are measured from the original
(time = 0) center of mass position of the ring. CINETT includes both the
energy input into the ring (such as elastic energy relative to kinetic energy
and plastic energy) and the energy used to accelerate the "rigid body" mass of

the ring in the inertial coordinate system.
*%
The plastic work absorbed by the ring is estimated by subtracting the sum of

the elastic and kinetic energies present in the ring from the total input en~
ergy (due to the impulse and subsequent forcing function). It should be men-
tioned that the approximate nature of this numerical calculation will sometimes
yield impossible results such as negative values of plastic work or values
greater than zero when the ring has not yet reached a plastic condition; thus
the value of plastic work should be considered only approximate, and spurious
results as noted aiwve snould be ignored.
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Asterisks are printed to the right of the strain printout corresponding
to the composite ring layer number whenever plastic yielding occurs in any of
the control station mechanical subflanges in the layer at that station. T's
and S's are also printed to denote bond failure in tension and shear, re-

spectively, when IND is set equal to 1.

At the conclusion of each run, a statement FIRST YIELDING AT TIME = ...
is printed out. This statement gives the time of the first plastic deformation
ever to occur during the response. At that time, a printout of the above-
illustrated kind is made (independent of the values of M1 and M2). If the
response is purely elastic, no such statements or printouts are made. Similar
printouts are made for the initial bond shear stress failure and the bond ex-

tensional-strain failure times when IND is set equal to 1.

B.4 Partial List of Variable Names Used in the JET 2 Program

SYMBOL DESCRIPTION
ADDEN1 Work done on ring by external force(s) during current
cycle.
AFAIL Critical value of bond strain which will cause longi-

tudinal bond failure.
AITCH (K) Weighting factors (Wj) used in Gaussian Quadrature
method for evaluating the stress and moment re-

sultants (see Appendix A).

AMPlTY} Initial nominal force amplitudes in the tangential

AMP1RZ and radial or the y and z directions, respectively.

AMP Current total interpolated value of the resultant
nominal force amplitude

ASFL(L,IR) Stress weighting factor of Lth subflange in IRth layer

B Width of ring

BIGM(I) Bending moment at the Ith mass station

BIGN(I) The longitudinal force at the Ith mass station

C1(IR) Young's Modulus of the IRth layer divided by the

original link length
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Cc2 DELTAT squared divided by the segment mass

C5(IR) Equals 1.0/P(IR) if the material in the IRth layer

is strain-rate dependent

C6 (IR) Equals 1.0/ (D(IR)*DELTAT*E(1,IR))
CINETO Initial total kinetic energy of ring
CINET Kinetic energy of the sum of all the masses in the

composite ring during the Jth cycle

CINETT Total work done by all external forces and loadings
up to the Jth cycle

CasT(I) Cosine of the angle each link makes with the y-axis

CZETA (KNF) Equals E(1, IR*ZETA(KNF)/DSO used to calculate stresses

due to bending, where KNF refers to flange number

D(IR) Constant used in strain rate formula, B3, for the
IRth layer
DDS(I) Circumferential change in the length of the Ith link

during the Jth cycle

DDTH(I) Incremental change of the angle between the Ith and
the Ith+l links during the Jth cycle, (+) if ring

bends to increase ring curvature

DDV (1) Elongation of the Ith link in the horizontal (y)
DDW(TI) and vertical (z) direction, respectively, during

the Jth cycle

DELT1 2m/N

DELT2 /N

DELTAT Time interval per cycle

DS(I) Current length of the Ith link

DSN Total stress on the KNFth flange for the Ith mass

due to both axial and bending strains
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DsSO

DTH (I)

DTX(I)

DV (I)
DW (1)

E(L,IR)

EH(L,IR)

EHBIG

EI

ELAST

EPSI(I)

EPSIL (L,IR)

EPS@N(I)

ECKS (K)

Initial link length

Total link bending angle (curvature) summed from

time = 0 between the Ith and the Ith+l links

Change in angle the Ith link makes with the horizontal
from one time cycle to the next. Positive if link ro-

tates counterclockwise

Incremental change in position of the Ith mass peoint
in the horizontal (y) and vertical (z) direction

(respectively) during the Jth cycle
Young's Modulus of the Lth subflange in the IRth layer

Young's Modulus times the thickness of the IRth layer.
Used to calculate the number of flanges required per

layer.

Maximum value of E(1,IR)*H(IR) of all the layers in

the composite ring

Sum of Young's Modulus times the moment of inertia of

all the layers in the composite ring

Total elastic energy present in the composite ring

during the Jth cycle

Strain on the inner surface of the composite ring at

the Ith mass station

Abscissa of the stress-strain curve for the Lth

subflange in the IRth layer

Strain on the outer surface of the composite ring

at the Ith mass station

Distance constants xj used in Gaussian quadrature
method for evaluating stress and moment resultants

(see Appendix A).
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FY(I)
FZ(I)

H(IR)
HALFH (IR)

HCG

HH (KNF')
HSUM

HRH@

IPTA
IND
IR
J

JBEGIN
JPLT2
JOLT

LASTPR

1AD

MREAD

MWRITE
MPUNCH

External force acting on the Ith mass segment in the

horizontal and vertical direction, respectively.
Thickness of the IRth layer
Half the thickness of the IRth layer

Distance from the inner surface to the center of
gravity of the composite ring
Distance from the inner surface of the ring to the

KNFth flange

Sum of all the layer thicknesses = total thickness

of the composite ring

Thickness times the density of the IRth layer
Subscript referring to mass station

Used to specify type of initial impulse

If IND equals one, program will test for bond failure
Subscript referring to ring layer

Current cycle number

Cycle number during which the forcing function begins

to act

Dummy variable equal to the last value of J@ZLT

given, other than 1

Used to specify the pressure distribution function

over the ring surface
Value of J@LT other than 1 that was last printed

Equal 1 means forces are acting; equal 2 means not

acting
Numbers for the data input tape unit, printed output

tape unit and the punched output tape unit, re-

spectively. These names must be assigned numbers in
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MAIN corresponding to the user's computing facility

requirements
M Cycle at which run is to stop
MRIP Cycle during which first bond shear failure occurred
MSNAP Cycle during which first longitudinal bond failure
occurred
MTAPE The printed output tape unit name; this must be

assigned a number (in DESI) according to the user's

computing facility

MYIELD The cycle during which first yielding occurred

M1 Cycle at which regular printing starts

M2 Printout will occur every M2 cycles

M3 M3 greater than zero signifies a continuation run
N Total number of mass points in the ring

NB@ND Number of bonds in composite ring = NRING - 1

NFL Total number of control stations used in each

layer which forms the composite ring

NGIVEN A variable equal to the value of JOLT, other than 1,

last read
NHALF N/2

NREAD Dummy variable which controls the reading-in of

force—-time data

NRING Total number of layers in the composite ring
NSFIR Total number of subflanges in each flange in the
NSFL (IR) IRth layer

NSNAP Calls PRINT in MAIN when the first bond tension

failure occurs

91



NRIP

NYIELD

N1
N2

P(IR)

PLAST

PULSEN

(L)

RHCG

RH@ (IR)

RIP(NB,I)

SFAIL

SIGMA (L, IR)

SINT(I)

SNAP(NB,I)

Calls PRINT in MAIN when the first bond shear

failure occurs

A dummy variable which calls PRINT when

yielding first occurs
N+ 1
N

Constant used in strain-rate formula, Eq. B.3 for

the IRth layer

Total plastic work done up to Jth cycle

Total work done by external forces on the semi-ring

up to the Jth cycle
Shear force acting on the Ith mass

Distance from the ring's center to its unde-

formed inner surface

Distance from the center of the ring to the unde-
formed composite ring's cross-sectional center

of gravity (see Fig. 1)
Density of the material used in the IRth layer

Prints out an "S" when the shear stress in the
NBth bond at the Ith mass station exceeds a

specified value

Critical value of bond stress which will cause

bond shear failure

Ordinate of the stress~strain curve for the Lth

mechanical sublayer in the IRth layer

Sine of the angle the Ith link makes with the
y-axis

Prints out a "T" when the longitudinal strain in
the NBth bond at the Ith mass station exceeds a
specified value
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SNDS Stress on the flanges of the IRth ring due to axial

strain
SNO(L, IR) Yield stress of the Lth subflange in the IRth layer
SNY Yield stress taking strain-rate effects into account

SN1(K,IR,I)

STRANE
TB

TBEGIN

TFINAL

TEST

THETA

TIME

T1l, T2

v(I),W(I)

XTRA(100)

YIELD

ZETAB

Stress on the Lth mechanical sublayer in the KKth
flange of the IRth layer at the Ith mass station,
where K = (KK-1)*NSFIR + L

The current elongation of the Ith link
Shear force on the NBth bond at the Ith station

Times when overall forcing function starts acting

and stops acting, respectively

Bond shear stress between the IRth and IRth + 1

layers at the Ith mass station

Angle of the Ith initial mass radius with respect

to the z-axis
Current time (= J*DELTAT)

Times at which a straight line segment of the
force versus time curve starts and stops acting,

respectively

Horizontal and vertical distance from the z-axis

and y-axis to Ith mass point, respectively

Extra locations reserved in blank common for

convenience purposes

Controls whether a blank or asterisk is printed
according to an elastic or strain-hardened

control-station condition, respectively

Distance from the composite ring's center of

gravity to the NBth bond
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ZMP Mass per unit length of circumference of the com-~

posite ring times R

Z@BM1 The calculated values of DELTAT based on the
2@@M2 longitudinal and lateral vibration

B.5 FORTRAN IV Program Listing for JET 2

The following program and subroutines are listed in this subsection

in the following order:

l. JET 2 MAIN Program

2. IDENT
3. IMPULS
4. FORCE
5. STRESS
6. STRAIN
7. EQUIL
8. PRINT
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C

4
A

as

2

JET 2 PRNGR MM
COMMCN AFATL,AITCH(4) s AMPLTY ,AMPIR7Z, AMP,ASFL(5,3 ), RIGM (1011,
1BIGN(101)485C1{3),C2,C5(3),C6(3),CINETO,CINETT,CCST(101),CZETA(12)
29D(3) 4DDS(1C1) s DDTH(131) 4 DELT2, DELTAT,05G,05(101),BTHI151),0TXx(101
3) sDVI101)sDW(101) ¢E(643) yEHAIG,EH{6,43) EPSIL(5,3),EPST(101),
4EPSC101 )5 ECKS(4) 5 FY{L0OL),FZU 101 ) 4HALFH{3) sHCG JHH{12) yH( 2}, HSUV,
5P(3) 4PIE,PULSEN, Q(101),2IP{2,101),RHCG,RHC(3), R, SFAIL,STCMA(E,3),
6SINT(101)sSMIN,VOEL(101) ,WDEL(101) »SNO(54+3) ySNL(6C,3,101),
TSNAP{2,101),T1,T2,TB(3),TREGIN, TFINAL, TIME,V(1C1),W(101),
AYIELD(3,101) »ZETAB(3),ZETA(12) 4 IMP, Z00N1, ZCCM2,XTRA(100 ), FNIR2(3)
COMMCN 12, INDsI0TA, JyJOLT2,JOLT,LASTPR 4LOAD 4 N3, MM3, ¥ 4MPUNCH ,
1 MREAD sMPTF o MSNAP, MURIT E,MYTELD,N1,N2,NBINDy NFLy NGIVEN, NHALF ,
2NLIM,NREAD,NRING sNRIP ,NSNAP ,NoNSFL(3),NV,NYIELD

CATA BLANK/® ¢/

MREAD=5

MWRITE=¢

MEUNCH=7

PIE=3,14155265

DEFINE THE CONSTANTS TO BE USED FOR THE GAUSSIAN GUADRATURE
ATTCH(1)=0,347855

ATTCH(2)=Ce €52145

AITCH{2)=0,€52145

ATTCH(4) =Co347RS55

ECKS(1)=-0,861136

ECKS(2)=-0o339981

ECKS(3)=+Co 339981

ECKS(4)=40.861136

REAC{MREAD,1) R4B, DELTAT N, NRINGyM,M1,M2, INDy (NSFLCIR),IR=1,NRING)
FORMAT(3E15.6/615/315)

IF{INC.CToC) REAC{MREAD,88) AFAIL,SFAIL

FCRMAT(4EL5,6)

PO 2 IR=1,NRING

NSFIR = NSFL(IR)

READ (MREAD,€8) H(IR),RHO(IR) ,D(IR),P(IR),

1 (EPSIL(L,IR), SIGMA(L,IR), L = 1,NSFIR)

FMCNM=R(1 )%32%RHC(1) /2,0

HRHO=H( 1)¥RHC(1)

VCG=F(1)/2,0

HSUN=H(1)~

IFINRING,EQ.1) GC TC 4

DC 3 IR=2,NRING

VCG=VCG+ (H(IR)+H(IR=1))/2,0

FMOM=FMCM+VCG%H (IR ) *RHO( IR)

HSUM=HSUM+H ( IR)

HRHC=HRHC+H (TR)=RHO{IR)

HC G=FMOM /HRHQ

RHCG=R++CG

DO & IR=1,NRING

E{1,IR)=STGMA(1,IR) /EPSIL(1,IR}

ER(1,IR)=E(1, IR}*K(IR)

NFL=4

NYIELD=C

NSNAF=0

NRIP=(

NFALF= N/2

NHALF1=NHALF+1

DELT2=PIE/N

DELT1=DELT2%2,0

DSC=2,0%RHCG=SIN (DELT2)

NBOND=NR ING-1
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IMP=0,C
DO 12 IR=1,NRING
FNIR2{IR}=0,0
HALFH{IR}=H{IR) /2.0
C1lIRI=E(1;IR}/DSO
IMP=7MP+RFO(IRIARHCCEx*B¥H{ IR}
NSFIR=NSFL{IR}
IFINSFL{IR)-1) 34,11,6
9 ODC 10 L=2,NSFIPR
10 E{L,IR)=(SIGMA(L TR} -SIGMA{L~1,TRI}/{EPSTL{L,IR}-EPSIL{L~-1,
1IRY})
11 EINSFIR+1,IR}=C,0
NN 12 L=1sNSFIR
ASFL{L s TR)=FALFH{IRI*R*X{E{L 4 IR}-E(L+1, IR})I/E{L,IR}
12 SNO(L;IRI=E{1lIR}*EPSIL(L,IR)
HZ = 0.0
NF =0
DN 1é TR=1,NRING
N0 15 K=1,NFL
KNF = K + NF
HH{KNF J =HZ+HALFH({IR) *{ 1. -FCKS{K})
TETAIKNF )=k CG-HE{KNF)
15 C7ETA(KAF) = =CL{IR) = ZETA{KNF)
NF=NF+NFL
HZ = k7 4+ F{IR)
16 7ETAB{IR) =HCG-H7
I00M1=0.0
[FIDELTAT.CT.0,0) GJ T3 121
NETFRMINATICN CF NELTAT IF NOT GIVEN
FINC EFFECTIVE EI
TOP=0,0
ROTTIM=C, C
EI=0,0
NF =n
PO 113 TR=] e NKING
TOP=TORsE (e IR)¥H(IR)
HOFTTOMZKOTTOM + HRHO(I=)#H(IR)
i) tle n=]aeNkL
Skl ler (lalw) % AL R (IR)FALTCHIK) # /L TA(K#NF ) ##2
4 NE=NF+NFL . .
TIMF INTERVAL BASED ON THE LONGITUDINAL VIBRATICN EQUATICN
I0CM1I=0NSO/SAQRT (TUP/RITTIM)
TIMF INTERVAL BASED CN THF LATERAL VIBRATICN ECUATION
FOIM2=C ., 54DS0¥*2/SQRT (E1/{BOTTOM%8))
DELTAT=7CCML
IF(Z0CM1GT. Z00CM2) DELTAT=200M2
. MP=Q
17 DELTAT=DELTAT*]10.
MP=MP+1
IF(DELTAT,LT.10) GO T1Y 17
DELTAT=INT{(DELTAT:,98)%] 0, %kx{=-Mp}
121 C2=CELTAT»*2/7MP/DELT]
N0 R TR=1,ARING
TF{D{IRI<FQa0eC) GN TC 8
C50iR}=1.0/P{IR}
COHLIRI=1IO/DUIRYI/DELTAY/E(L, IR}
8 CONTINUE
DN 18 [R=14,NRING
TREIR}=0.C
D3 18 I=14N

——
— —
~
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18

189

181
19

20

YTIELD{IR,I)=8LANK

MYTFLC= O
MSKAF=C
MRTIP=(C

= 0

TIME = C.0
PUL SEN= 0,0C
Né=N/4

THETA=-DELT2
THETA2=-CELTL
N34=3=R4

00 18C I=1,N4
THETA=THETA4DELT]
NIT2=NHALF1 -1
NIT2=NHALF+1
NIT4=N-T41
V{I)=RHCG*SIN( THE TA)
W{I)=-RECG*COS{THETA)
VINIT2)=v(])
WINITZ)==0l{1)
VINIT2)==V(I)
WINIT3)=WINIT2)
VINTT4)=VI(NIT3)
WINIT4)=W(1)

THE TA2=THETA2+DELTL
COST(I)=COS(THFETA2)
SINT{I)=SINI(THFETA2)
COSTUI+N4)==-SINT(I)
SINT(I+N4)=COST(I)
CAST(I+AHALF)=-CCST(I)
SINT{ IT+NHALF) ==SIANT(I)
COST(I+N24)=SINT(T)
SINT(I+N34) ==CCSTLI)
DO 20 I=1,N

FY{I)= C.C

FZ(1
DVl
Dw(l
DSH{I
DTH(I)
EPST(I)
EPSCI(I)
BIGN{I)
BIGM(T) C.0

IF{NRCNCsEQeD) GG TC 19

DO 181 IR=1,NBCOND

RIP{IP, I)=PLANK

SNAP({IB,I)=BLAMK

DO 20 IR=1,NRING

NSEIR=NSFL(IR)

DT 2¢ KK=1,NFL

DO 2C L=14NSFIR

K={KK=-1 )¥NSFIR+L

SNILK,IR,I} = 0.0

CALL IMPULS

REAC(MREAL, 881 TREGIN, TFINAL, AMPITY,AMP1IR?
NGIVEMN=1

NREAD=0

LASTPR=0

JuLT2=1

P
Wonowowon
LA~}

o onow
(oo No X2
[N =N o
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24

25

26
30
3C1
31
311
312
32
33

35
36

27

38
391
392
393

394
3¢5
396

397
40
34

T1=TREGIA

LOAD =2

IF(TREGIN.GT,0.2.0R,TFINAL,EQ.0.0} GO TO 24
LJAD=1

CALL FORCE

CALL FRINT

IF{LOAD.EQ.1) CALL EQUIL

J= J+1

CALL STRAIN

CALL STRESS

TIME=DELTAT»J

LCAD=2

TF{TIME.LT.TBEGIN,OR, TIME. 5T TEINALY GC TO 26
LCAD=1

CALL FORCE

CALL EQUIL

IF(J-M1) 31,32,301

Ml=g+M1-1

IFONYIELD) 33,3211,33

IF{NSNAPY 33,312,433

IF(NRIP) 33,35,33

Mi=M14M2

TIVE=DELTAT=J

CALL PRINT

NYTELE=0

NSNAFP=C

NRIP=C

IFtJ=-M) 25,364,356

IF{MYIELC) 37,391,37

PRINTED CUTPUT AT CCACLUSION OF RUN,
TIME=DELTAT*=MYIELD

WRITE{MWRITE,38) TIME

FCRMAT(28HO FIRST YIELDING AT TIME=F1l0.6)
IFLIND) 4C,40,352

IF{MSNAP}293,2Q95,393

TIME=DELTAT*MSNAP

WRITE(MWRITE,294) TIME

FORMAT(41HO -~ TIME OF FIRST BCND TENSION FAILURE =F10.7)
IF(MRIP) 3G96,4C4+396

TIME=DELTAT#MRIP

WRITE{MWRITE,397} TIME

FORMAT{29HD TIME OF FIRST BCND SHEAR FAILURE =F10.7)
CCNTIAUE

CALL EXIT

END

SUBRCUTINE IDENT

COIMMON AFAIL,ATTCH(4) s AMPLTY ;AMPIRZ, AMP,ASFL{5,3 ), RIGM{101},

’IEIGNilol),BgCI(3),C2,C5(3)9C6(3’9CINET0sCINETTyCOST(101),CZETA(IZ)

805

2s0(3)sD0S(101)Y,DDTH(10L) ,DELT 2, DELTAT,0S0,DS(101},D0THI101),DTX(1CY
3)sDVI1CLY,DW{101) 4E(643) 4EHRIG,EH{6:3) ¢EPSTL(543),EPSI{101),

4EPSC{101 )y ECKS(4) s FY(L01), FZ( 101 ) sHALFH{3),HCG sHH{12) oH{3) sHSLN,

5P{3) yPIFsPULSEN,QULCL1),RIP(2,101V,RHCGsREC{3}s Ry SFATLsSICMA(S,31,
HSINTIICL) o SMIN,VDFL{151) oWDEL{1O1) s SNO(S553) ,SN1{6C,:341011),

TSNAP(2 3101 )T T2,TH(3)sTREGINSTFINAL, TIME;V{1C1}sW{101)
BYIELD(3,101)47ETAR(3)Y,2ETALL2) ;IMP,200WM1; ICCM2 4 XTRA(IOC I FNIR2(3)
COMMON T2 INDs 1 TAsJaJOLT2, JOLTLLASTPR GLOAD s M3 o MMI, M (MPUNCH ,
IMREADIMRIP  MSNAP, MURITEsMYTIELDsNIsNZ;NBONDsNFL 4 NGIVEN NHALF,

2NLIM NREAD s NRING s RRIPSNSNAP SNy NSFL{3 )y NVoNY IELD

WRITE(MWRITE;805) Ry ByHSUMy HCGoNgNRING

FORMAT{ £3H1 JET 2 A PROGRAM LSED TC CALCULATE THF RESPCASE OF
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1 A FREE/63F CIRCULAR MULTI-LAYERED RING WITH THE FOLLGWING PARA

ZMETERS, -/
3/52H RADIUS OF RING TN IMMER SURFACE (IN.) = F10+5
4/752H WINDTH SF RING {(INs) = F10, ¢
5/752H THICKNESS 0OF RING (INs) = Fl0.5
&/52H CENTROICAL CISTANCE FROM INNER SURFACE ({IN.} = F10,% /
T/E2H NUMBER (OF MASS POINTS USED IN THE RING = 16/
8/52H NUMBER 0OF LAYERS USED IN RING CROSS SECTICA = I6 /)
DT 8052 IR=1,NRINC
R0 51 FUORMAT(® NUMBER CF CONTROL STATIONS USED IN LAYER?, 12,4X,

19=%, 17// 4%, *NUMBER OF MECHANICAL SUBLAYERS AT EACH?®/S5X,
2YCCOATRCL STATION IN LAYER®,I2,19Xs%=%,17/
3/ 22H THICKNESS NF LAYER,12,326X,2H= F10.5//)
8062 WRITE(MWRITE,8051) IR,NFL P IRGNSFLUIR) sIR,H(IR)
TF(7CrMLaGT,0.0) WRITE(MWRITE,,3042) ZCLM2,7CCM]
B062 FIRMAT(S5KD TIME INTERVAL BASED CN LATERAL VIBRATICN FQUATICA =

1E16.8/ 460H TIME INTERVAL BASED CN LONGITUDINAL VIBRATICM EQLAT
2IGN = E16.8/)
WRITE(MWRITE,RNEL) DELTAT

8061 FNRMAT( &52H TIME INTERVAL PER CYCLE USED IN PROGRAM (SEC) =
1E18,8/)

IF{ICTALGTL0) GO TO (3,4),10TA
WRITE(MWRITE 42)
2 FORMAT(21R0O  THERE IS NO INITIAL IMPULSE)
GC TC 820
3 WRITE(MWRITE,807)
807 FORMAT (0 AN ARBITRARY IMPULSE LOADING HAS BEEN SPECIFIEL AS DE
1SCRIBED BY INPUT CARCS®)
GO TO 5
4 WRITE (MWRITE,R09) ,
800 FORMAT (0 LCCALIZED SINE SKAPEC IMPULSE LGADING(S) HAS (HAVE) B
1EEN SPECIFIED")
5 WRITE(MWRITE,98)
S8 FORMAT('*Q  THE INITIAL VELOCITY INPUT IS AS FOLLCWSe..'// ° MAS
1S"9 5%, 'V DOT®,8X, 'W DOT'y "X, MASS® 35X,V DOT? 48X %k DCT*//)
D3 99 I=1,NHALF
TT=T+NHALF
99 WRITE(MWRITE,100) I4VDEL (1) 4WDEL(I)s11,VDEL(IT)4WDEL(II)
100 FCRMAT(I72EL304419,2E13.4)
820 JREGIN=TREGIN/DELTAT
IF(V-JREGIN)838,£38,825
825 PLEN=TFINAL-TREGIN
WRITE(MWRITE,836) TBEGIN, TFINAL, FLEN
836 FORMAT('0  STARTING TIME IF FORCING FUNCTION (SEC) =?',F10.7
1/0 STOPPING TIME CF FCRCING FUNCTICN (SEC) =1,FlC.7
2/ DURATION JF THE FORCING FUNCTION (SEC) =?,F10.7)
RETURN
828 WRITE(MWRITE,839)
839 FORMAT(0  THERE IS NO TIME DEPENDENT FORCE DISTRIRUTICN DURING T
IHIS RUNT)
RETURN
END
SUBROUTINE IMPULS
COMMCON AFAIL,AITCH(4) AMPLTY,AMPIR7 ;AMP,ASFL(5453) ,RIGM(101},
TRIGN{1011,B,C1(314C2,C5(31,C6(3)3CINETC, CINETT,COST(101),CZETALL2)
2,0(3),0DS(101),DOTH(101) ,DELT2,DELTAT,CSG,0S (10114 CTH(1C11,DTX (101
3)50V(101),DWLI0L) 4 E(6y3) 4 EHRIGSEH(643) 4EPSILI543),EPSI(101),
4EPSO(101) ECKS (4)4FY (101 )5 FZLO0L) s HALFH(3) 5 FCGoFH{12) ,H( 2),HSUM,
SP{3) sPIF,PULSEN; G(191) yRIP(251C01) 3RHCGsRHO(3) 4Ry SFATL,SICMALS,2),
6SINTI101) 3 SMIN,VDEL (101) s WNEL(101),SNI(5,3),SN1(6C, 2, 1010,
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e

7SNAP(2,1C1),T1+T2,TB(3),TBEGIN, TFINAL, TIME,;V(1G1),W{101),
SYTELD(3,1C1) ,ZF TARL 2) , 7ETA(12) ,2MP, Z0OML 5 ZCCM2 ;X TRA(100 ) FNTR2(2)
COMMEK 125 IND, 19T Ay Jy JULT2, JULT, LASTPR ;LOAD ;M3 , b M2, ¥, MFUNCH,
1MREAC ;MRIF, MSNAP, MWRITE, MY ITELD ;N1 sN2, NBCNDy NFL s NGIVEN, NFALF,
2NLIMyNREADsNRING;NRIP;NSNAPsNyNSFLI3) 3NV, NYTELD
REAC {MREAL,S5) I10TA,NV
TF{ICTA.EQ.0) RETURN
D0 2 I=1,N
VCEL{1)=0.0
2 WDEL(1)=CaC
GO TO (90,S4),I0TA
90 DO 93 IMAZ=1,NV
REAC(MREAD,S2) MASSNC,VRAD,VTAN
92 FCRMAT (I15,2F15,6)
IF(MASSAC.GT.N) GC TC 101
THETA=DELT2%(2+MASSNO-1)
VDEL (MASSNO )= (VRAD*S IN(THETA ) +VTAN®COS (THETA) )
93 WDEL(MASSAD)=(-VRAD=CIS(THETA) +VT AN%S IN(THETA) )
GO T0 97
ASSUME SINE DISTRIBUTICN, NOTEeees ND. OF MASSES MUST BE 0DD
34 DO SE NFR=1,NV
READ (MREAL,S5) MASSES,MSTART,VEEZ,BETA
95 FORMAT(215,2E15,6)
BETA=BETA%P [£/130,
DTETA=PIE/ ((MASSES—1122)
WIDTH=2,%PIE /(MASSES-1)
ALESS=0
MASS2=1+VASSES/2
THE TA=DEL T2% ( 2* (MASS2+ MSTART) -1)
DC 96 KAREA=1,MASS2
MAZZ=FSTART-1+KAREA
MAZZA=MSTART+MASSES-KAREA
IF{NMAZZLGToN) MAZZ=MAZZ-N
IF(NAZZALGTAN) MAZZA=MAZZA-N
TATA={{KAREA-1)*2+1)>DTETA
VCITY=SVEEZ*(1-CUS(TATA))/WINTH=-ALESS
ALESS=ALESS+VCITY
VTAN=VCITY*COS(BETA)
VRAD=VCITY«SIN(RETA)
VDEL{MAZZ)=VDEL(MAZZ)+VRAD*SIN(THETA) +VTAN®COS(THETA)
WOEL(MAZ2)=WDEL (MAZZ)-VRAD*COS( THETA ) +VTAN®SIN( THE TA)
VDEL(MAZZA) =VCEL(MAZZA) +VRAD*S IN(THETA ) +VT ANXCOS(THETA)
96 WDELIMAZZA)=WDEL(MAZZA)~VRAD=COS{THETA)+VTANXSIN(THETA)
97 CC 105 I=1,N
DVET)=VDEL(T)=DELTAT
105 DW(T)=WDEL{I)»DELTAT
GC TC 103
101 WRITE(MWRITE,102)
1C2 FORMAT(*1THERE IS AT LEAST ONE MASS NUMBER GIVEN FCR IMPULSE INITI
1AL VELCCITY WHICH IS GREATER THAN THE STATEC NUMBER OF MASSES, '/,
2'PLEASE CHECK YOUR DATAsos*)
CALL EXIT
103 RETURN
END
SUBROUTINE FORCE
COMMCN AFATL,ATTCH(4) ,AMPITY, AMPIRZ, AMP,ASFL{5,3),RICM(101),
LRTGN(10114B,C1(3),C2,C5(3),C6{3),CINETC,CINETT,COST{101) 4CZETA{12)
25D(31,D0S(101),D0TH(101 ), DELT2, DELTAT,DS05DS(1011,DTH(1C1},DTX(101
3),DVILICT) 4DH{ICT) yE(6,3) ,EHRIG,EH(6453) 5 EPSTL(5,3),EPST(1011,
4EPSC(101 )4 ECKS (4 )5 FY (1011, F7(101) yHALFH{ 2) o HCG,HHU 12} sH( 2) yHSLV
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5P(3) o FIE, PULSENSQ(L101)” IPL25, 101 )3 RHCG,RHO(3) 4R, SFAIL,SIGMALS,3),
ASINT{101) sSMIN,VDEL (101) o WOEL(L0L)sSNCG(5,3)5,SML(£C432,101),
TSNAP(25,1C1) s T14T2,TR(3) ;TREGINs TFINAL,TIMESV(1C1) sW{101),
BYIELC(3,1CY )4 ZFTAB(3) 4 ZETA(L2)s ZIMP, ZOOM], Z0OM2, XTRA(10G ) sFNIRZ( 2)
COMMEN T2,INDsI0TAJyJOLT23JCLTLASTPR;LOAD M3 ,¥WM3 3 ¥y MPUNCH,
1MREAC, MRIP, MSNAPMUR ITE,MYIELD M1 N2sNBCNDsNFL o NGI VENNHALF ,
ZNLIM sNREADSNRINGyNRIP,NSNAP NSNSFLI3 ) NV,NYIELD
DIMFENSION GRZ(101),GTY(101)CANG{10)+SANG{10},ANGL(1GC)RATIC(10]},
1PIEP(1O),NSTAT(10 ), MASSNI1D2,MA{101)
DIMENSICN RESULT(10C)
IF(NREAC.CT-0) GO T3 15
1 REACIMREAL,2) T2,JCLT AMP2TY, AMP2RZ
2 FORMAT(EL1S. 651552E15.¢)
NREAC=1
SLCPEY=(ANMP2TY-AMPLTY)/(T2~-T1}
SLOPEZ=(AMP2R7~AMPIRZ ) /{ T2~T1)
IF(JCLT.NEL3) GO T2 10
NGIVEN=3
DSZH=LSC/ 2,
CIRC=2,*FIE*RKCG/60.,
REAGC(MREAD »3) NUMS,RPM, {NSTAT{I) ,MASSN(I)ANGL{I);RATIC(I)}s I=1sNUM
1S)
3 FORMAT(IS5,E15.6/(215,2E15,5)1}
IF(NREADLEQo 1) TBEG=TIME
NREALC=2
CIRCR=CIRC*RF¥
JOLTZz=2
DC 5 I=1,NUMS
TILT=ANCGL(T)*PIF/1R0,
STILT=SIN(TILT)
CTILT=CCS(TILT)
PIEP(I)=PIE/DSC/(MASSN{I}-1)
MAV=NSTAT(I)+MASSN(TI)/2
TF{MAV,GToN) MAV=MAV-N
ANG=(2,*MAV-1)*DELT2
SYN=SIN(ANG)
GCS=COS{ANG)
SANG{I)=SYN=CTILT-QCS*STILT
5 CANGUI=COS*CTILT+SYN*STILT
GC TC 15 ,
10 TF(JOLT.EQe 1) GO 7O 15
NGIVEN=1
JOLT2=2
15 IF{TIME.LE.T2) GO TC 18
Ti=72
AMP1TY=ANP2TY
AMPLRZ=ANP2RZ
GC TC 1
18 AMPTY=ANMF1TY+{TIME-T1)%SLOPEY
AMPRZ=AMPIRZ+{TIME-T1)=SLOPEZ
AMP=SCRT (AMPTY# %2+ AMPRZ%#2 )
IF{INGIVEN.EGCs2) GO TC 30
GO TO (2C425935),J0LT2
20 WRITE{MWRITE,21) TIME
21 FORMAT{®CFORCE DISTRIBUTION ON RING NGT DEFINEC, CHECK YOUR CATA A
1ROUND T=%E15.¢65% SECONDS?)
CALL EXIT
25 NGIVEN=2
DC 26 I=14N
GRZI{I1=0.C
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26
27

29

29
30

31

35

4n

1

GTY({1)=0,0

REAC(MREAC,27) NOF,NRTYZ

FORMAT(2I5)

O 26 IN=1,NIJF

FCRMAT(IS ,2E15.6)

REAC(MREAL, 28) MA{IN)GTYIMATIN)),GRZ{FMALIN))

DO 31 IN=1,NOF

MAN=MA{IR)

FY (MAN)=AMPTY*GTY(MAN)

FZIVMAN)=ANPRIZXGRZ (MAN)

IF{NRTYZ.EQe2) RETURN

DO 37 IM=1,NOF

MAN=NMA(IN)

ANG={2, *NAN-1)*DELT2

QLS=CCS {ANG)

SYMN=SIN(ANG)

FYMAN=FY{(PMAN)

FY{MAN)=FZ{MAN)Y=SYN$+FY({MAN}I=Q2S

FZIMAN) =FYNMANESYN=FZ {MAN)=0Q0S

RETURN

ARCL=CIRCR* (TIME-TREG)

NMASS=(ARCL+DSZH) /DSO

RIT=ARCL~NMASS*DSO+DS7H

DL 40 I1=1,AUMS

KSTAT=NSTAT(I)+NMASS-1

FATOR=AMPTYARATIO(I)/2.

TCTAL=0,0

MEND=MASSNI(I)

DC 40 MM=1,MENC

MAZ=KSTAT+MM

TF(MAZ.CTaN) MAZ=MAZ =N

ANGLE=PIEP(I)4(RIT+CSO®(MM=1))

IF(ANGLE.GT.PIF) ANGLE=PIE

FS=1.-COS(ANGLE)-TOTAL

TCTAL=TCTAL+FS

FY(MAZ) =FY(NMAZ)+FS*CANG( I} *FATOR
FZ(MAZ)=F2(MA7Y4+FSASANG( 1) =FATOR

RETURRA

END

SUBROUT INE STRESS

CCMMCN AFATIL,AITCH(4), AMPITY, AMPLIRZ, AMP,ASFL(5,3),BIGM{101),
1BIGN(LICLY 4B C1(3),C2,C5(3),C6(3),CINETO,CINETT ,COST(101),CZETA(12)
29C{3),D0S(1C1)+DDTH( 101 ), DELT2,DELTATDS0,DS{1C1}DTH(LCL) ,DTX(1C1
3) sDVILG1) sNWLLI01 ) 3 E(653) sEHBIG,EHI643),EPSIL(5,3)5EPSTI(101),
4EPSO(IC1)sECKS(4) oFY(101),FZ{101) yHALFH{3) sHCG ,HH{12),H(3),HSLM,
5P{3)s FIE,PULSEN,Q(1INL1),RIP{2,101)sRHCGRHO{2) 4R, SFAIL,SIGMA(S,3),
6STNT(ICL) ySMIN, VDEL{101) sWOFL(101),SNO{553),SNL(60:3,101),
TSNAP(2,101),T1,7T2,TB{3), TREGIN, TFINAL s TIME,V{101),W{101),
BYTELL(3,101) s ZETAR(3),ZETA(12),ZMP, 700M1, 200M2 . XTRA{130) FNIRZ{ 3}
COMMON T2,INDeI0TA:JeJOLT2,JOLT,LASTPRsLOAD $M3 4 NM3, ¥, MPUNCH,
IMREAC; MRIP, MSNAP, MWR ITE,MYIELDsN1¢N2yNBCND,NFL s NGIVEN s NHALF ,
ONLIM NREAD ;ARING,ARIP NSNAP NyNSFL{3) s AV, NYTELD

NIMENSION FNIRI(3}

CATA ASTER/®*=x27 ,RIANK/® 9/,£SS/9St/, TEEE/ 2T/

DN 22 I=1,N

BIGN(I)= Q.0

BIGM(I)= 0.0

NF = C

IF{IND) S59s1

IF(I~-1) 43642
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[, B U N

19
11

12

15

16
17

i3
19
20
21

22
23

24
25

26

27
28

DG 3 IR=14NRING
FNIRLI(IR)=FNIRZ(IR)

DO 5 IR=14NRING

FNIRZ{IR)=C,0

STRANE=CS(I)-DSO

DC 3 NE=1,NBCNEL

DRUOND=( STRANE-DTH({I)*ZETAB{NB} }/DSO
IF{CBCANC-AFRAIL)By 656
SNAP(NB,1VY=TEEF

IF(MSNAP)E, 758

MSNAF=)

NSNAP=1

CONTINUF

DC 26 IR=1,;NRING

YIELC{IR,I)=RLAANK
SNDS=C1(IR)*DDS{ 1)

NC 25 KK=14NFL

KNF =KK+N\F

FN = C.C

NSFIR=NSFL(IR)
NDSN=SNDS+DDTH(T)=CZETA{KNF)
ITFICUIR)oGT +0aC) RFACTR=1,+(CA{IR)*ABSIDSN) ) =x=CS(IR)
DO 23 L=1,NSFIR

K={ KK=1)*NSFIR+L

SNI{ KeIR,I)=SN1( K,y IRsI)+DSN
IFIC(IR)LEQ.CeN) GO TC 16
IF(SNI(Ks IR, T)-SNG(LsIR)) 13,22,11
SANY=SNO (L, IR)=RFACTR
IFOSNI(K,IR,I}=-SNY) 22,22,12
SN1{(Ky IRy 1I}=SNY

GC T7C 20

IFCSNI(GK L IR,TY+SNO{L,IR)) 14422422
SNY=SNO{L, IR)=RFACTR
TF{SNI(K IR I }+SNY) 15,22,22
SN1(Ky IRy 1)=-SNY

GC TC 20

TFOSNI(KSIR,II-SNC{L,IR)}Y 18522,17
SNI{K,; IR, I)=SNO{L,IR)

GC TC 2¢C

IFISNI{Kys IR, I)4#SNCIL,IR) ) 19422,22
SN1(Ky IRy I)==SMO{L, IR)
YIELD(IR,I}=ASTER

TF{MYIELL) 224214522

MYIFLLC=Y

NYIELC= 1
FN=FN4SNI(K TR, T *ASFL{L s IR)I*AITCH{KK)
CONTINUE

RIGN({TI)= BIGN(I}+FN
BIGM(T)=BIGM{ I V+FN4ZETAIKNF}
IF{IND)25425,4,24
FNIRZIIRI=FNIR2{IR)+FN

CONTINUE

NF = NF + NFL

CONTINUE

IF{INCY 22,22,27

IF(I-1) 22,322,:28

DG 21 IR=1,NBIOND

Ah=TR+1

TBINN)= FNIRZ2{IR)-FNIRI(IR}*TB{IR}
TEST=ABS{TB(NN}/{DS{TI}=R})
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402

403

404

ITF{TEST-SFATIL) 31,2%42°9

RIP(IPs I)=ESS

IF{MRIP)}31,30,31

MRIP=J

NRIP=1

CCATIMUE

CONTINUF

RETURN

END

SUBROUTINE STRATIN

CCMMCN AFRAIL, ATITCH(4 ), AMPITY,AMPIRZ ,AMP ,ASFL{5,2),BIGM(1C1),
1BIGN{ICL} sB,C1{3),C2,C5(3),C6(3),CINETO,CINETT,COST{101},CZETA{12)
29C{2},DDS{1CL)sDOTH(1GL) DELT2,DELTAT ;DS0,0S{1C1),DTH(1ICL),LTX(101
3)sDVI{IC1)+DWIL01)sE(643)2EHBIGyFHI653),EPSILIS,2),EPST{1C1),
4EPSO(1011,ECKS{4)3FY(101)sFZ{101),HALFH{3),FCG,HF(12),HI3), HSUM,
5P(3)sPIELPULSEN,;Q{101)sRIP{2,101),RHCGRHO(3) 4R, SFATL,SIGNMA(S,3),
6SINT(101)ySMIN,VDEL(1CL) »WDEL(101},SNO(5,3),5N1(60C33,101),
TSNAP{25;1C1)+T1,T2,TR(3) s TBEGIN, TFINAL,TIME,VI101)},W{101),
SYIELC(3,101), ZETABI3),ZETA(12),7MP,7Z0CM1,2CCM2,XTRA(1C0) sFNIR2(3)
COMMEN T2 3INDSICTA,JsJOLT2 ,JOLT ,LASTPR,LCADy M3, ¥M2, Mg MPUNCH,
IMREAC MR IPyMSNAP 4MWRITE  MYTELD ¢N14N2yNBCNDoAFL s NGIVENyNHALF,
ZNLIMSAREACSMRINGsNRIPsNSNAP N NSFL {3, NV, NYIELD
IF{SINT(1)eLTo1E-08) SINT(1)=0.90

CO 402 I=14N

K=I-1

IF(KsEQoC) K=N

Dov=CVI{I)-CVK)

DDW=CW(T)~-DHIK)

DDS{I)= DDV*CCST{T)+DDW=SINTA{I)

SINTI = SINT(I)

DTX{I)= (DDW*CCST(I}-COVASINT(I}}/DS(I)

SINT(I)= SINTI+COST(I)=DTX(I)

COST{II= COST(I)-SINTI=DTX{])

DO 403 TI=1,4N

K=1+1

IF{KaGToN) k=1

DDTH{I)I=DTX(K)-DTIX(])

DTHIT) = CTHC L) 4DDTH(T)

DC 4C4& I=1,4N

VITY = v{I)+DV(I)

WD) = WID)+4CW(T)

DS{TI= DS(I)+BRS(])

RETURN

END

SUBROLTINE ECUIL

COMMCN AFAIL AITCH(4);AMPLTY,AMPIRZ,AMP,ASFL(5,3),BICM{101},
I1BIGN{101 By CL(3),025C5{3),CO6{3),CINETC,CINETT,COST{101),CZETA(12)
2eD(3)4DDSILICL) yDODTH(I0L) s DELT2 ¢ DELTAT 4CSO,DS{101 3, DTH{1CL),DTX{101
31,DVII0L}SDWLLIDL) L E( 69 3) o EHRIGsEH{63) yEPSIL{S54+3),EPSI{101),
GEPSC{IC1)ECKS{4) s FY (101} FZ(101 ) HALFH{3)y FCGyHHE{12) 4H( 2}, HSUM,
5P 3) yPIEPULSEN,Q{101),RIP(2+101} yRHCGsRHC(3 ) sR,SFAIL,SIGMA(S,43}),
6SINT(101)sSMIN,VDEL {101 ), WDEL{101),SNO{5,3),SN1{6C,2,1011},
TSNAP(24101)3T1,T2,TB{3) s TREGIN,TFINAL,TIME,V{101),W(101),
BYTELC({3,101),7ETABL 2)sZETA[12) ¢ IMP, Z0CM1, ZCCM2 ,XTRA(LIOC) ,FNIR2({3}
COMMON I2,INC-I0TAs JsJOLT2, JOLT,LASTPR,LOAD, M2, MM2, M, MPUNCH ,
IMREAD yMRIP s MSNAP MHRITE yMYTELDy N1y N2, NBCNCyNFL,NCIVEN,NFALF,
SNLIMyNREADsNRINGoNRIP o NSNAPsNaNSFLI3) gNVNYIELD ’
ADDEN1=0,0

DO 2 1=1,N

K=1-1
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[}

(@]

Py

4
3

711

717
718

IF(K sEQcC, K=N
CUL)=(BICMITI-RICM(K)}/DSTI)
IF(JGT.C) GO TN 3

DO 4 I=14N

FY{T)=FY{1)/2,

FI{I)=FZ(I) /2,
D3 5 I=1.N
K=1+1

IF{KaGTaN) K=1
DVIT)=CVITI+C2H{BIGN(K )} =COSTIKI-BIGN{ T )=CNSTII)-CIKIXSINT(K) +
10CTI)=SINT(IY+FY(I})

DW{T)=DW{I)+CZ*(BIGN(K)I*SINT{K)-BIGN{I }*SINT{I)+C(K)*CCST(K)~
1QUIV*COST(I)+FZ (1))

ADDENL=ADDENLI+FY(I)#CV(T)+FZ{TI)*DW({I1)

FY{I}=C.0

FZ{11=0.0

CALCULATICN OF THE QUANTITY USED IN DETERMINING THE WCRK PERFORMEC

RY THE FORCES ACTING ON THE RING

PULSEN=PULSEN+ADDEN]

RETURN

ENC

SUBRCUTINE PRINT

COMMCN AFAIL,AITCH(4),AMPITY,AMPIRZ ;AMP,ASFL(5,3),BIG¥(101),
1BIGN{1C1)YyB,C1(3)+sC2+4C5(31,C6(3),CINETC,CINETT,COSTI101),LZETA(12)
2+D(3),0DS(1CL)DDTH(LIOL) 4DELT2 ,DELTAT ,850,0S(1G1},CTHL101),C7TX(101
3),DVI1C1)yDW(101),E(€93),EHBIG,EHI6,3) yEPSIL(5,3),EPSI(101),
GEPSC(101) ¢ECKS U4 ) o FY (101 ) FIL101 Vo FALFH(3 ) FCGoHF{12) sHI 2}, HSUM,
5P{3)yPIESPULSEN,Q(1UL)4RIP(2,101) yRHCGsRHC(3)4R,SFAIL,SIGMA(5,3),
6SINT(ICGY )y SMIN,VEEL (101 ), WDELC(LO0L),SNO{S¢32),SN1{6C:2,101),
TSMNAP(2,1C1) ¢ T1,72,TB(3),TBEGIN,TFINAL,TIME,V{101),W(101),
BYTELL(3,1C1),ZETAB( 2)ZETA(12);ZMP4ZCCM]y ZCCM2,XTRA(LOGC) FNIR2{3)
COMMON I25 IND,TOTA, 35 JOLT2, JOLT+ LASTPRyLOADyMI MM, M, MPUNCH,
IMREAD MRIPyMSNAP MWRITE ;MYTELDyN1, N2y NBCNCy NFL 4 NCIVEN,NFALF,
2NLIMyNREADyNRINGyNRIP,;NSNAP,NyNSFL{3) 3NV, NYIELD

DIMENSTCAN RITE(3)

DATA BLANK/Y /o WCN/'LY/,TEW/®2Y/,TREE/3 Y/

CALCULATICN NF RELATIVE ENERGIES AND PLASTIC WORK EXPERIENCEC.
IF{JaEC.C) CALL ICENT ‘

CINET=0.0C

pn 711 I=1,N

CINET=CINET+DV(IPDVIII+DW{TI*DW( )

CINET=CINET/C2/2,0

IFUJ.EQ.0) CINETO=CINET

ELAST=CsC

DO 716 IR=1,NRING

NSFIR=NSFL(IR)

DN 71& L=1,NSFIR

SUM= C,0

DC 715 Kk=1,NFL

K={KK-1}*NSFIR+L

DO 715 I=1,4N

SUM= SUM#SNI{ KyIR, I)=SNI( K3 IR, IV*AITCH{IKK)
ELAST=ELAST+SUM=ASFL(L,IR)/CL{IR) /2,

DC 717 I=1,.N

ES= DS(1}-DSO

ETI=FCGADTHIT)

ETO={HSUV-HCG)*DTR(I)

EPSI(I)=(ES-ETI)/DSC

EPSC{I)=(ES+ETC)I/CSC

CINETT=CINETC+PULSEN
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PLAST=CINETT-CINET-ELAST
7233 WRITE(MWRITES731) J,TIME,CINETT,CINET, ELAST, PLAST

73] FORMAT{?®} J=85 1557 TIME=?F10.7/° TCTAL ENERGY INPUT (IN.-
1LRa) =% ,4,F10.3/° KINETIC ENERGY (INo-LBs) =?,F1Ce3/"
2 ELASYIC ENERGY (INa=-LBs} =%,F10.3/ ¢ PLASTIC WORK (IN

3,-LB.} =%,F10.3)
GC TC (34,41),5LCAC
1 WRITE(MWRITE, 2)
2 FCRMAT (0 N0 FORCING FUNCTION IS ACTING DURING THIS CYCLE®)

AGIVEA=1
Gl TO 16

34 WRITF{MWRITE,4) AMP

4 FCRMAT{*C THE NCMINAL FIRCE AMPLITULE DURING THIS CYCLE IS%,F12
ls4s * LBS*/C THE FORCE DISTRIBUTICN DURING THIS CYCLE?')

IF{NGIVEN)42,42,40
40 TF{LASTPR-NGIVEN}41,17,441
41 LASTPR=NGIVEN

GC TC (42513516),NGIVEN
42 WRITE{MWRITE,6)

& FCRMAT {34+ IS UNDEFINED, CHECK YOUR DATA)
CALL EXIT
12 WRITE(MWRITE,121)
131 FOFRMAT (Y IS CEFINED BY NORMALIZED INPUT VALUES OF GY{I)s AND G
1Z(1) )
GO 1o 19
16 WRITE(VMWRITE,161)
161 FORMAT{(® IS CCMPQOSED OF CNE CR MORE SINE SHAFEL FORCE DISTRIBU
ITIONS?/6X, *2CTING AT SPECIFIED LOCATICNS ON THE RING')
GC TC 1¢
17 WRITE(MWRITE, 18)
18 FORMAT(32H IS THFE SAME AS LAST PRINTED)

19 TF{INR.GT.C) IF(J) 10,10,11
WRITE(MWRITE,7) (I41=14NRING)

7 FURMAT(®CI® 36XV 3BXy "W 38Xy INYyTX, M STRAIN STRAIN LAYER?
1740X,*(IN) toemny v ,312)
BO 8 I=1.N ’

8 WRITE(MWRITEZG) T,V{I},W(T},BIGNII),BIGM{I),EPSI(I),EPSO(I},
ICYTELD(IR,TI)4IR=1,NRING)
9 Ff‘«PMbT(I':‘vZ\FQo‘HFQ. 11 Fv,;l, 2F83493X13A2)
RETURA
10 RITE(1)=WCN
RITE{(2)=ELAMK
RITE{3)=BLANK
TF{NFINGoCE-2) RITE{(2)=TEW
IFI{NRING.EQo3) RITE(3)=TREE
11 WRITE{(MWRITE,12) (RITE(I)1I=1:,3),(1,1=1,NBOND)
12 FORMAT(201® 56X Vi, 8X TW® 38X, "N, TX, ™M STRAIN STRAIN LAYER?®
145X *BCND # /740X LIN) (3JUTHY 334252151
CC 14 I=14N
14 WRITE(MKRITE 153 I,V{I),W(T)sBICN(I),BICM(I),EPSI(T), EPSTlT},
LUYIELDU IR, I ) IR=143)5(RIPITIBR,I ) sSNAP(IB,I},18B=1,NBCAD)
15 FORMAT(I13,2F9:43F0,1sFTols2FB,4,53X%X93A2,3X%52A2, 1X52A2}
RETURN
END
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B.6 Illustrative Examples

The following three examples are presented to assist the user in check-

ing the adaptation of JET 2 to his computer facility.

B.6.1 Example l: A Single-Layer Ring with a Simplified

Local Space-Sinusoidal Forcing Function

In this example, a 7.3375-inch midsurface radius, 0.125-inch thick,
6061-T6 single-layer aluminum ring, 1.0-inch long is acted upon by a timewise
triangularly-shaped forcing function lasting 400 Usec with a peak value of
10,000 pounds at t = 200 Usec acting at an angle of 21° to the local tangent.
The total force is assumed to be distributed over a 25° segment of the ring

with its amplitude defined by the shape of a half-sine wave over this sector.

The stress-strain curve for 6061-T6 aluminum can be approximated by
the following stress-strain coordinates (0,g): (0 psi, O in/in); (42,000,
.00425); (50,000, .030); and (65,000, .140). Strain-rate effects are con-
sidered to be negligible, and the density is taken to be 0.25 x 10—3(lb—secz)/
in4.

The number of mass points to be used to describe the complete ring is

72.

The incremental time interval AT for this run is obtained by using the
smaller of the two critical times from Egs. Bl and B2. These are calculated

as follows: N

_ _AS 2R |PE,

Taonﬂ'\/%* v N o,

3 vmas ¢

A —]—l-&'t ) = H lonﬂ =

. p\4

-5
0.320x 10 Sel.

2.96 AT ooy

si ,
ince ATLOng 1s the smaller of the two, a value less than this and easily

compared with instants corresponding to the framing rate of the NAPTC high-
. . -5 . .
speed camera is desired; thus, AT = .30 x 10 sec is chosen, which means

that every 10 program cycles will be equivalent to each camera frame (that is,
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at 30 usec spacing). Let the program calculate 240 cycles (.000720 seconds);

print-out is desired at 10 cycles, and every 10 cycles thereafter.

B.6.1.1 Input Data

The values to be punched on the data cards are as follows:

Format

Card 1 3E.15.6
R

+0.727500E+01 (Radius to inner surface)
+0.100000E+01
DELTAT = +0.300000E~-05

B

Card 2 615

NRING
M = 240
M1l = 10
M2 = 10
IND

"
[

]

0 (no bonds to test)

Card 3 15
NSFL{l) = 3

Card 4 is not used since IND = O

Card 5 .
+0.125000E+00
+O.250000E—03
+0.000000E+00 Strain-rate effects are con-
+0.000000E+00 }

g e
o]
0 on

sidered to be negligible

Card Gaa 4E15.6

EPSIL(1,1)
SIGMA(1,1)
EPSIL(2,1)
SIGMA(2.1)

+0.425000E-02
+0.425000E+05
+0.300000E-01
+0.500000E+05
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Card 6ab
EPSIL(3,1) = +0.140000E+00
SIGMA(3,1) = +0.650000E+05
Card 7
I0TA = noc initial impulse loading
NV =0 is specified

Cards 8 and 9

Card 10

TBEGIN
TFINAL
AMP1

Card lla

T2
JOLT
AMP2TY

are not required since IQOTA = O

Cards 12 and 13

Card 14

NUMS

RPM =

Card 15

NSTAT
MASSN
ANGL

RATIO

Card 11b
T2
JOLT
AMP2TY

1

+0.000000E+00 (the distribution does not move with time)

[

+0.000000E+00 Total forcing function
+0.400000E-03 lasts 400 usecs
+0.000000E+00 Forcing function has zero

amplitude at t = 0

+0.200000E-03
3
+0.100000E+05

are not used since JOLT = 3

(only one sine distribution is specified)

35 (start of the forcing function distribution)
5

+0.210000E+02 (inclination angle, deg)
+0.100000E+01

+0.400000E-03
1 (repeat last distribution)

+0.000000E+00
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215
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E15.6,15,
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The input data deck for this example problem should

+0e727500c+v1l

+0.1000U00E+01

+0.300000L-05

appear as follows:

12 1 Zau i0 10 0

3
+0,125000E+00 +0,250000E-03 +0,000000E+00 +0.,000000E+00
+0425000L=02 +«Uo42HVU0E+0S +0.300000E-01 +0.500000L+05
+0,140000E+00 +0.650000E+05

0 0
+0,000000E+00 +0.,40000UE-03 +0.000000E+00 +0,000000E+(GO
+0,200000E=-03 3 +U.100000E+uUS

1 +0.,000000c+00
35 S5 +0.210000E+02
+0,401000E£=-03 1

+0.100000E+01
+0.,000000E+00
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B.6.1.2 Solution Output for Example 1

The solution output for this example is as follows:

JET 2 A PROGRAM USFC TO CALCULATE THE RESPINSF CF A FREF
CIRCULAR MULTI-LAYERFD RING WITH THE FULLCWING PARAMETERS o=
RADIUS NF PING TT INNER SUPFACE  {INe) = 70 27500
WIDTH ©£F RING {INs} = 1. 00000
THICKNESS OF RING  (IN.} = Ce12500
CENTROICAL DISTANCE FRCM INNER SURFACE (INe) = D.CE250
NUMRER (OF MASS POINTS ULSEN IN THE RING = T2
ANUMBER OF LAYFRS USED IN RING CROUSS SECTICN = 1
NUMBER CF CCNTROL STAT ICNS USED IN LAYER 1 = 4
NUMBER CF MECHANICAL SUBLAYFRS AT EACH

CONTRCL STATICN IN LAYER 1 = 3
THICKNESS CF LAYFR 1 = Ce 12500

TIME INTERVAL PER CYCLE USED IN PROGRAM (SEC) 029999092E~-(5

]

THERE IS NO INITIAL IMPULSE

STARTING TIME OF FORCING FUNCTIGN (SEC) = 0.0
STOPPING TIME OF FORCING FUNCTION (SECY = 0.0C040C0
DURATICN CF THE FORCING FUNCTION (SEC) = 0.C0040N00
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-

J= 0 TINME= 0,0

TOTAL ENERGY INPUT (IN.-LB.) = 0.0
KINETIC ENERGY {INo.-LBRe) = CaC
ELASTIC ENERGY (INo~LBRs) = 0.0
PLASTIC WORK (INe~LBs) = Oe 0
THE NOMINAL FORCE AMPLITUDNE DURING THIS CYCLE IS C.0 LBS

THE FORCE DISTRIRUTION DURING THIS CYCLE
IS CCMFCSED OF ONE DR MORE SINE SHAPED FORCE DISTRIRUTIONS
ACTING AT SPECIFIED LCCATICNS ON THE RING

e
—O O~ W WN

N el il ah el el
DO O~V PN

NINNNNN
O U W N

W NN
O Oow@w=~

W W W W W
~NOW PN

S ww
[ TRV .Y

LpEPEEP
oM P N

Vg T D B
PUWOUNM=OV®

n
wm

[= RV BN I N |
O OE~N®

[ ]
W N

oo
o T

>
~

~N >
(=2 I, -]

~ o~
N s

v W N M STRAIN STRAIN LAYER
(IN}) {ouT) 1
023201 -~7.3305 Ga0 Gal Da? C.0
0s 9577 ~T02747 ‘0.0 00 0.0 0,0
1. 5881 =-7.1¢£36 CaC Ce 0.0 Cs0
22064 ~6,9979 QoD 720 0.0 0.0
2, 8075 -~&,779C 0o C Ce0 0.0 0.0
3.3881 ~£é.5C84 0w 0 0.6 De0 0.0
3.9424 ~6,1884 0s CsQ 0.0 N0
4.,4668 -5,8212 Ce G 0s 0 040 0.0
429571 -~5,4098 0.0 DeD 0e0 0.0
Se 4COE  ~4,5%71 Ce0 Ne0 040 0.0
58212 -4.4668 CaC 0s0 0.0 220
601884 =3,9424 0,0 0.0 0.0 0.0
&, 5C€4 -3,3881 e 0 0:0 0.0 0.0
647790 -2,8C79 0a G 0.0 0.0 0.0
6495979 =2.,2064 0.0 Dsf) 060 0e0
71636 -1,5881 CaC Go0 Ce0O C.0
Te2747 ~0,9578 CoC 0e0 08D D.0
723305 -(,3201 0.0 0.0 060 0.0
7. 3305 C.3201 CaC 00 0Ca0 0.0
Te2747 C.9578 Col 0s0 0.0 0.0
Te163€ 1,5881 Ca 0 Oe0 0o0 0.0
609979 222064 Ce Ge0 000 0.0
6., 7790 248C79 0.0 0.0 0.0 .0
€e 5C 84 3,28181 Ca 0e0 060 0.0
601884 3.9424 CeC 0.0 060 0.0
5.8212 he4 668 0s0 00 0.0 0.0
5+4CS8 4aG571 Ce 0 0s0 060 0e 0
4, 5571 564098 Ce 0 0.0 Cs0 0.0
424668 5,8212 0.C 0e0 0a0 Ce 0
3.9424 621884 0.0 Ca0 0.0 0.0
3.3881 €e 5CE4 0. 0 0eC 0.0 0.0
2.8079 67790 CeC 2.0 0.0 0.0
20 20€4 €.5579 0.0 0:0 0.0 0.0
1.58R1 7.1€36 Ce 0 0e0 000 00
09577 Te2747 0.0 0«0 0.0 0,0
0. 3201 Te33(C5 Ce0 0s0 0.0 0.0
-0.3201 Te3305 Ce 0 000 0o 0 0.0
~Cs 65717 142747 Cu0 0«0 D0 Cl0
-145881 Te1€3¢ CaC 0s0 DeD 0.0
~2+2064 609979 0.0 De0 080 Cs0
-2. 8078 6. 7790 5.0 Ce0 0.0 0.0
~3,3881 -E.5C84 0.0 Ge0 080 Ce 0
-30 5424 €,1884 Co®l 0s0 0.0 0.0
~4e 4668 5+ £212 CaC Ga0O 0e0 0.0
~449571 504098 0.0 020 060 0.0
-5,4058 4e G571 0.0 00 0.0 0.0
~5.8212 404668 0.0 0.0 Qo0 0.0
-6, 1884 3.5424 0. 0 Ds0 000 0.0
~6,5C84 22,3881 0.C 2.C 0.0 Ce 0
-6e 7790 20ROT9 Cal 0s0 2.0 0.0
~629979 202C64 0. 0 Ca0 0.0 0.0
~7.1636 1.5881 Ce? 0e0 0u0 0.0
~1. 2747 Cs 6578 Ca 0e0 Da0 0.0
-7 3305 C.2201 Co € 0e0 000 0.0
=7+33C5 =-C.3201 060 Cal 0.0 0s0
~7:2747 -Ca9578 D202 CeD 2.0 0s0
-7.1636 =1,5881 C.C 0e 0 20 Cu0
—6,9979 -2,2064 Cal 0.0 0.0 0.0
-6 7790 =-2,8(79 CeC 0e0 0.0 0.0
-6e 5C84 -3.3F11 CaC 00 060 0.0
~65 1884 -3,9424 Cs0 G Qe0 0s 0
~5e8212 -~4.4668 3.0 G0 060 Qs 0
-5 4058 =-4,9571 0s 0 2«0 060 0.0
~409571 ~%,4098 0eC 0«3 060 0e 0
~4,4668 -5.8212 Ca®d Cel 0.0 0.0
~3,6424 =-6€.1884 0. C %a0 0a0 0.0
~-3,3881 =-6.5084 Qa2 0,0 0.0 0.0
-2+ 807 =6,779C Ce0 D60  Co0 Ce0
~2.20¢4 =£€,9579 Ce0 G0 0.0 0. Q
-1.5881 -7a.1636 Nel 0e0 NoC 2.0
~0.9877 =7.2747 0eC CeC 0e0 C.0
-063201 ~7.3305 Cal 00 0.0 0.0

112



Do~ Pwyr-

J= 10

TOTAL ENERGY INPUT

TIVE= 0.7000300

(INe-LBs)

KINETIC ENERGY (IN.-LBs)

ELASTIC ENERGY

PLASTIC WORK

(INo-LB,)
(IN.=LPs)

THE NCMINAL FORCFE AMPLITUDE

THE FORCE DISTRIRUTICN DURING

IS THE SAME AS LAST PRINTED

v

0.3201
009577
1.5881
2,2064
2, 8CTS
3,3831
31,9424
4,4668
49571
5,4C58
5,8212
601884
605084
60,7790
629579
7.1636
702747
7.3305
7.3305
702747
7.1636
€4 9575
6.779¢
645084
6o 1864
5,8212
5. 4098
4.5571
404667
3. 5423
343879
2. ROTE
2,2C5¢
1,5873
C. 5566
0.3187

-0.321¢€

~0,9592

-1.5851

-2.2071

-2, 80¢4

-3,38¢4

-3,5426

- 4e 4669

-4,9572

-5,4058

-5,8212

-6 12E4

-645CE4

~647790

-6:5575

~7.1636

~7.2747

-7.3305

-7.3305

~7.2747

-7.1636

~649979

-£.775C

-645084

~601884

-5.8212

-5.4058

-4,5571

~be 4H6R

~3,9424

-3.3881

-2, 8079

-2,2064

-1,5881

-0,5577

-0,3201

W

-7.332¢
~Te2747
~-Te 1636
~6.59979
~66779C
~€a 5084
-6.1734
-84 8212
-5.4098
-~469571
~bo4663
-36 9424
~2,3R381
~208C79
-Z202C¢4
-1.5881
~(. %578
-Ca3201
Ce3201
CaS578
1, 5881
2264
20E8CTS
3.3281
26424
4ab 668
4295571
5¢4C58
568213
601884
£.5085
€o 7791
60558C
Tel636
72747
73312
72219
72760
Tal€3€
69678
€.7788
665083
661883
5.8212
504097
425571
404668
35424
3.38€1
2e8C77
202C64
1.5881
C.9578
(.3201
~-Ce2201
~0e9578
-1l.5¢81
-2,2Ct4
~2.2C79
~2.73R81
=3.9424
~404668
-459571
~544098
-5.8212
~€0 1384
~€+5084
~6s 7730
=€,9979
~T21636
~Te 2747
=7.3305

N

()OOOOOO(}OO?OOOO
@ & & @
[oReNoRoReRoNuNoNsNoNalaNeNa ]

¢ e & ® o © 6 @ ¥ ©

(o)
°
o

i

oOQoo
¢ o © @
oL OO

=C.0
0.0
-0.C
Cel

r
e

OeC

17.9
67,0
14001
218.4
29645
377. 6
46447
5534 9
5654 2
2675
-151.3
-447, C
~432.6
~375e5
~21l4.F
—254a8
-183.,2
~125.8
-59. 9
-15 7
“lo4

Hou ooy

2:377
le 547
0531
0,299

DUYRING THIS CYCLE IS

THIS CYCLE
M STRAIN
(TN}
7.0 2.0
Nel D60
Js 0 0.0
Je0 060
J¢d Je0
0.0 0C.0
2.0 D0
Ce0 0a0
De0 069
3.0 Ce0
0.0 0eD
Ced 0.0
0e2 D60
0s0 0.0
Qe 0.0
G0 0.0
DsC 0,0
Ce0 $.0000
0e7 10,0000
-Ja0 =0,0000
00 0.0090
~0+0 =0,000C
00 0.000C0
~Ce0) =0.,0000
7+ 0 00000
=0sC -Ce00CO
=00 060000
=00 0.0000
=0.0 05,0001
~0s1 000001
=0.1 0.0002
~0s1 0.,0002
=0:2 0.0003
0s3 10,0004
2.3 0.0005
0s3 Ca0CCS5
~3,5 C.0901
~3,8 ~0.0003
2.9 -0,0002
ls1 ~00003
0esl -0,0003
0.1 ~Ce 0002
Osl -0.0002
%1 -0.0002
00 -0.0001
0.6 =Q,0000
0s 0 =04 0000
0sd -0-0000
~0a0} —0,0000
00 00,0000
~0eQ =0,0000
0.0 0.3000C
~2e0 —-0.0000
2.0 0.0000
=7 0 ~0, 0000
20 0.0000
U0 Ge0
Qo0 D60
0.0 0,9
Gs3 0.0
0.0 0.0
Ca 0.0
Gs0 0uC
0.0 060
DD 060
T2 0.0
Je0 060
Gl 5.0
D0 0.0
(el 050
De 0 0a0
N 0.0

STRAIN
(Cum)
060
0.0
0.0
GeC
Ce0
0.0
060
060
C.0
Ce 0
0.0
0.C
0.0
0.0
0.0
Co0
0.0
-0 000C
-0,0000
0. 0000
~0e 0000
0.0000
-0. 0200
0.000C
-0,0009
0.CQ00
0.0000
860000
0.0001
0sCO01
00002
0.0002
0.0003
0.0004
0.0203
C. 0005
C. 0CC4
80,0000
=0.,0005
-0, 0004
~0.,0003
-0, 0003
-0,0002
=0.0002
-0.,0001
-0.0000
-0.0000
-0.0000
0. 0000
~0, 0000
0.0000
-C. 0000
0.0000
-0.,C300
Ce 2000
=Ce.CCOC
Ce0
O.n
0.0
0,0
0.0
a0
0.0
Ce 0
0.0
060
Ce O
Cal
0.0
Cs0
0.0
C. 0

1499, 9930 L8S

1

LAYER



DNV W

J= 20

TOTAL ENERCY INPUT (IN.-LBe)
KINETIC ENERGY (IN.-LB,)
ELASTIC ENERGY (INa-LB.)

TIME= 0.C000£CC

PLASTIC WORK

THE NOMINAL FORCE AMPLITUDE DURING

(INa.—-LA,)

[T )

23 242
46 325
1. 827

THE FORCE DISTRIPUTICN BURING THIS CYCLF
IS THE SAME AS LAST PRINTEC

v

022201
069577
1. £8E€1
242064
2. 80179
3, 3881
309424
4a4668
b4e 5571
5. 4GSR
58212
6o 1EE4
645084
6. 7790
6. 5979
Te1636
7. 2747
7.3305
T+33C5
762747
71635
64 9G7R
6.7787
6e SCEC
6.1878
5. 8203
54065
4o 5554
4o 4€45
3.939¢
3, 3845
2.803¢&
2, 2C12
1.5820
09510
0, 3131
‘003274
~0eG65C
-1e5937
-221C1
~2.8116
-343912
-3+5451
-4 44689
~4,5588
~544111
-508222
-b6s1891
—bs 5089
-66 7793
-€e SSE]L
~7.1636
~Te274%
-7.3305
-7. 33C¢
~T.2741
~7.1636
- 6e 6876
-6 7790
-fa5084
~6s 18E4
~-5.8212
~5.4098
-409571
444668
—30 9424
~323881
~20 8C79
-2.20¢84
~1.5881
-0s9577
-0,3201

W

-7¢2305
‘7'2747
~te 1636
-£.567S
~6+779C
~te BLE4
~6.1884
-5.8212
~5e4C6G8Y
‘409571
~45466R
~3s 9424
-3.3881
~20 8079
~2020¢€4
-1.5881
~Ce 5578
“C-BZCI
C»3201
s €578
1.58813
222367
248083
3.3886
32,9431
44675
46358C
Sa4106
£, 8221
£.189)
€4 508G
£s 7791
6s5¢T4
Tel€22
T+2741
Te3354
163417
70 2853
101671
605583
€,7789
6.5081
ésl878
58205
£44(90
46,5562
444660
365418
3. 3875
248075
2, 2C61
1.5879
Ce9576
C.3200
~(e3201
-Cg3578
~1,5881
-2.2064
~29CT9
-3,3881
~3.%42¢4
~4,4668
-443571
-844068
-5,8212
-€+188¢4
~Ee5C84
-&, 7790
-€sGC76
~Te163¢
~T:2747
-7 3305

N

~Co
Ca0
=Cs U
Col
~Do 0
Co®
~0,.0
Cel
~0s 0
CoC
=060
(]
-{.C
Ca0
~CoC
0.0
065
€. C
30,9
B72
141,0
23242
30140
371.1
4434 6
517.0
564,1
675,3
76C. C
85243
948.9
1055,5
116865

1264 &

143144
1464, 9
81Es S
-136,5
~717.7
-8C9%6
~75845
=707.7
-66C. ¢
-613.0
-569,7
~525,1
-482,1
-439,¢2
~3G642
-352.2
=304,5
-25541
~203,3
=143,69
~78,.1
-Z7s4
“507
~0a 4
-C‘(_\
0e0
~0. 0
Je G
-0
Q.0
-0.0C
Q.0
~CeC
Col
~Cal
Cal
~0e3
Ca

M

De C
=0+73
Ce 7
~0s 0
2.0
“C0al
Ce )
—C.O
C.0
-0e0
0,0
-2,
DsC
-040
0,2
~0.0
=090
=00
~Da0
~0e0
~0s1
-0el
-0l
=042
'002
~0e2
~0s2
-0.3
~0e3
~0s4
~0e4
“0e8
~0e7
569
20.1
2.7
-27.1
-260 %
1509
10.2
0e9
“0.1
Ce2
Da3
0.2
Je2
a2
Qa2
Cel
Sel
Owl
Del
Oal
Do 0
D0
0,2
Cal
Je 0
-CeC
0e0
~0a0
0.0
=%e9
T2 0
=0e3
00
-0.0
0.0
=Js O
e 0
~3a0
Qe 0

114

STRAIN
(In)
0. D000
-C.000D
0. 0700
~CeGI00
0,294G0
=5 0000
Ce 0000
“0o0000
00000
~Co 00CC
0.0200
~0s 0000
0,0000
-0+0000
0. 0000
-0 0300
0.0000
€. 0000
0. 0000
0. 0001
CeN0Q1
Ce00202
0.0002
0,0003
C. 0003
0.0004
C.000%
$.0005
Ce 0006
Cs 00C7
02,0007
cs0C08
0.0009
09,0013
0,0919
0.,0013
~Cs 0004
«0.0011
~0.03C0
~0.0003
~0.00C6
-0 40006
~0.0005
~040005
~0a0004
~0s0004
-0.0004
-0.0903
~3.0703
~0.0003
-D,0002
-0,0002
=0,0002
-0 0301
~0.0001
~Ce 0000
~Ce0000
—OQOOGO
- 0200
0.0000
-2.0200
Ca GOCO
~0.0000
C.0200
=0 0000
0.0200
-0.09C3
00000
-3, 0000
2. 0000
=2.0000
N 0200

THIS CYCLE IS

STRAIN
(0uT)
=0, 0000
Cs0N000
«0,00C0
Ce02CT
~0,0000
0, 0000
~0, 0000
0. 0000
-0.,0000
Ce 0OCC
~0,0000
0.0000C
~0s00C0
00000
~0e D200
Cs 00OGO
0+0000
Ca 0000
C.0000
0.0001
0,0001
00002
0. 0002
0.0003
Ce 2004
0.0004
0. 0005
0.0C06
Ce 0006
0. 0007
0.C008
06 0GCO
V40010
Ge0QCCH
£.0004
0.0011
0. G017
00009
=Cs 0012
~0,0010
~Le00CH
~040006
“CQQOOS
~0e 0005
-0,000%
=0s 0004
~Ca 0004
~0.0004
~0, 0003
-0, 0CC3
=0e0002
~0.0002
-060002
~0s 0001
-0.0001
~0,0C00
-G, 000
-0 0000
c.o0Cr
-0.0000
0sC200
=Ca CCOO
0.0000
-, 0000
Cs 0CCO
-3s0000
0. Q000
-0.0000
Ce COCO
~0,C0CO
C«0000
=0 000

2999,9985 LES

LAYER
1



ODONPU P WN

12

J= 30

TCTAL ENERCY INPUT (INo-LRa}
KINETIC ENERGY (IN,-LR,)
ELASTIC ENERGY (IN,-LR,)

TIME= 0,00C0GCC

PLASTIC WORK

THE NCMINAL FORCE AMPL ITUDE DURING

(IN.-LB.)

I )

93,91¢
72321
17.4C3

49192

THE FORCE DISTRIPRUTICN DURING THIS CYCLE
IS THE SAME AS LAST PRIMTFD

v

Ce3201
0,9577
1. 5881
25 2064
2. E0TS
3.3881
30 9424
4o 4668
429571
S5e 4CG 8
58213
hs LEEE
64,5085
6e 7751
6. SG8C
721636
Te214€
703302
723299
Te 2737
Tel621
6e SSEE
€a 71762
605048
&,1838
5.8156
504029
40 5489
44570
3, 6311
3.3751
207931
2+ 185¢
1,565
0. 6386
0.3C15
=0,3391
~CeSTEE
~1.6030
-2.217€
~2.8178
~363972
-3455C6
=44 4740
—40 G634
~5¢4151
-5.8257
“6.1921
-~ €4 5118
~6.7814
~6be 5957
=72 1645
=7,2757
-7, 3312
-7.33Cs
=Te2749
-7.163¢
~6.9978
-60.7788
-6. 5082
-6,1883
~ 5« 8211
=54097
-~ 445571
~4,4668
~3,%424
~3.3881
-2 8079
~2020€4
~1lo.58F1
~029577
023201

W

-7. 3305
-7:2747
-1s1€36
~€.G67S
-6 779C
—605(84
~641884
-E. €212
~5.4098
—469571
~404667
=32 6423
~32+2878
~20 8075
-2.20%58
-1.5872
=0 5566
~C.318¢
0.,2213
CeaG56GE
1,5905
2,2C51
2.E108
3.3910
325454
444697
449599
564121
58229
€.1892
€,5C81
€. TTTC
6o G935
141569
T.2725
Te3462
703655
70 3CSC
71,1784
7.CC13
€.7801
€s5C91

~ 601883

528204
5. 4(84
449553
4o 4E4T
3.9402
3.3€58
2.8057
202C432
l.5¢61
0s9559
(3184
=Ce2215
~-Cs9589
-1.5891
-2.2072
-2 8085
-2.3885
~309427
~4,4669
~4,9572
~E04CS8
~5.8212
~60 1884
~€,5C84
~be 7790
~655579
~-T701636
-1.2747
~743305

N

~0.C
0. C
-Ca0
C‘QG
~Ca?
C'o
Col
1.C‘
1246
4601
107.4
118, 2
24%.5
298, 7
3577
41545
472,9
531s3
591.7
653, 3
718.9
7877
RAC. 8
940,2
1024,3
1117, 2
1216.4
1326, 4
1445,0
157601
1718.8
1875,7
2048, 7
224261
2454, 6
2501. 4
1514.7
53,1
=9C4,2
-366. 9
-912.2
-863.6
~81%5,0
-76S,C
-727+5
-688,6
—€54,C
=620+3
=590, 8
-5¢€1e3
~53541
=5C€.7
-483,8
~45943
-433,8
=409,0
—-281. 8
~3£3,3
~322.8
-288.1
~249,3
-20862
-158.2
-S6.1
~41el
-11,.1
=1.6
~0o1
~Co 0
0.0
-C.C
0.0

M

Ge O

=20
0e0
=% 0
s O
=00
=0aD
~GCa D
a0
~0e0
-0e1
~Qal
=Dl
=J.1
-0sl
~Ce2
-D.2
-0e2
=0,.3
-063
=03
=Le4
~0s &
=Ca5
-0s 5
~0s %
~0s6
~Co7
~Ne8
=09
-1l. ¢
-3.1
le4
275
5249
5¢7
~79,3
=T7663
31.2
3746
1.4
=le6
~0e2
0.5
05
Da4
De 4
0.3
Ce3
0a3
0e3
0.2
0e2
Ce2
0.2
Ce?2
Jsol
Jal
Osl
Oul
Jal
Osl
0s O
0a 0
0.0
0.0
0e O
060
~0. 0
0. C
=060
Va0
115

STRAIN
(IN)
000000
-0e0C90
0.0000
-0,0000
CeCO00
-0.0000
0.0000
000000
0,0000
0.0000
0.0001
€. 0001
G.0002
0,0002
7.0003
0.0003
040004
0.0004
0.0005
0.0005
0.0006
0.0006
0.0067
0.0007
Ce 0008
8.02C9
040009
0. 00190
0409011
0.0012
0.0013
0.2014
040017
0.0028
040040
0.0022
-N.0018
-0.0029
$.0005
040007
-0.0004
~0,0008
-0.0007
-0.0004
~0,0006
~0,0005
~0.0005
-0.0005
-0.,0005
~0,0004
-0.0004
-040004
-0 0004
-0.0004
-0,0003
-0.0003
~0.0003
-0.0003
-2.0003
-0.0202
-0,0002
-2,0002
~0,0001
-0,0901
-0.2900
-C00200
-Co0000
-0,0000
-0,0000
0.0200
-0,2000
0,0900

THIS CYCLE 15

STRAIN
(ouT)
=C.0000
C.(0CC
=0.0000
0. 0000
-0.000C
0o CCCO
0.0000
0. 0000
0.0000
0.0000
0.,0001
C+0001
Ca 0002
0,0002
0. 0003
0. 0003
00004
e 0004
C.0005
Ce 0005
0. 0006
0.0096
0.CCCT7
Q.0CCe
0.0008
Cs CCCS
0.0010
Ca0011
C.0012
0.0013
0.C014
00016
C.0016
0sCCC7
~G.0001
0.0C18
0.0042
0.0030
~0,0019
~0.0022
-0.C010
=0.0006
~0.0C06
-0 0006
~0.0006
-0.,0006
-0, 0005
~0.,0005
~0.09005
=0 0005
=0.0004
~0. 0004
~0. 0004
=0.0004
~0. 0004
~0.0002
~0.0003
-0, 0003
~0,0003
-0 00302
=0.00C2
-0.00C2
-0, 0G01
~0. 0001
-0, 0000
-0,0200
-0 0CCC
~0,0000
0.0090
=0.0000
0. 0Q0C0
=0.0000

449G, 9522 LBS

LAYER
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J= 22

TOTAL ENERGY INPUT (INe~LPs)
KINETIC ENERGY (IN.-LB.)
ELASTIC ENERGY (INs-LRe)

TIME= Ce00C0960

PLASTIC WORK

THE NCPINAL FORCE AMPLITUDE DURING

(IN.=LR,)

[T 1}

1172732
91505
21.198

Se 030

THE FGRCE DISTRIPUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTEC

v

0.2201
09577
le S9E1
222064
2. 8075
3,3881
3o G424
424668
449572
524099
5. 8214
6.1886
e SCEE
6. 7791
629980
721625
Te 2744
7.329%
T«3295
72732
741615
64995¢C
6o TTE2
55027
6.1824
58136
5«4010
4e SGEE
444547
3.9284
3.3721
227899
2418061
1.5658
0. 9351
0. 2982
~0e3424
-Ce 58C1
~1ls 6C5¢€
-2,2164
~228193
~-3. 3988
-3.9521
~4e 4754
~409647
-544163
-5.8268
- 6s1621
~645123
-6s 7821
-7.0002
~T6l654
-T7.2761
=T+3315
-T+3311
-7+ 275¢C
~7.1637
-£s€975S
~bho 7788
-6 5082
-6a 18E2
~-5.8210
~5:4066
-449570
-4 4667
—3.8424
-3.3881
-20 €076
~2.2C64
~1.5881
-Ns 9577
~0e 22C1

v

-Te3305
~12747
~T7e1436
-647572
~€e776C
~6.5384
~€.1884
~5.8212
=544C97
—409570
~4e4665
~3,9420
-3.3P75
~2.8C71
~242052
-1.5867
~C 9560
~Ce 3180
Ce 3225
049605
s £9127
242098
248115
2.3917
1.9461
40 47C3
4096072
544123
e 8230
601890
€e5CT6
€TTEL
€:5520
71551
Te2722
763493
7.3721
723159
71821
Te CC23
6.78C4
€, 5CS4
€41885
5« 8205
Se4C82

4,9552

404645
34 G369
32,3854
2,8053
202038
1.5856
Cs 5554
Cs2180
~Q0s2220
~Ce G594
~1,5895
-2:2C76
~248C87
~3,3888
-34G420
-4,4671
-4%,9573
~5e4099
~5.8213
-€,1884
-6.5284
~64 7790
-6.997C
~Tel€34
~T1e2747
-T433C5

N

-0,9
Coh
-0,
Ne
Gel
1.5
1Ca4
36,9
9745
16747
22041
28642
242,9
398, 2
452,5
5741
56,2
620.3
£8Cq 1
743 .4
826, 5
89147
$57.8
1041,5
11314
122847
1337.4
145404
15€3,9
172442
188C. 1
2045,0
223749
2447.3
267841
2728,5
1643,2
110.7
-5C7.4
~975.1
-§18,7
-871,2
-821.2
~775.8
-732,7
-695.0
-659.2
-627.3
~567.4
-565.8
~544,7
-520,1
~498,3
-475. 6
~454,9
-432,4
-411,¢
-389,4
~364.8
-338,8
~310,3
-217.1
-239,9
-199,9
-145,1
-87.2
-35,5
-%.1
-103
-Cal
-C.C
0.C
116

"

0a 0
~8au
Ged
=00
=30
~0.0
-0.0
=Ca”
=20
~0el
~0al
-0.1
~0al
-0¢2
-Ce2
=062
~De2
~0.3
~0.3
-0a3
-0 4
~Ue4
~0a5
~0e 5
~0eb
~0e7
=Ce8
~0e9
~0e9
-140
~1e9
~3,.8
3.0
3494
620
5.8
-90.8
‘90.1
33,1
4546
10.3
«2.0
=0e5
Deb
Ca b
0e%
Qe 4
Qats
0s3
0.3
Oe3
0e3
Vs2
0.2
0e2
0a 2
Da 2
Ge2
Qe 1
Oal
Dol
el
Csl
0ol
2.0
0.0
00
Os 0

STRAIN
(IN)
Ge 0000
~0e 02300
060000
~3,0000
=06 0200
D+ 0200
0.0%00
Ca 00CO
00001
00001
Ce 0002
040002
0.0C03
Ca GCC3
0.0004
C. 0004
Ce 00C4
C.0005
Cs CCC5
040006
0a CCOA
040007
040007
0. 00CH
0.G0C9
C. 0010
0.0010
040011
0. 0C12
040013
0.0014
0.0015
0.0019
0.0033
0.0045
0. 0024
-040022
-0.0034
0 0005
0.CO10
-0.0003
~0s0008
~0a000C7
~0+0006
~0.0006
-0,0005
=0.00CS
~0.0005
-0.0005
-0,0004
~0.0004
-0 0004
~0.0004
-0 0004
~0.0304
-0.,0003
-0.0003
-0.0003
-0 0003
-0.0003
~060002
~0. 0002
-0e 0002
~0.0002
~0.0001
-0.00C1
-0,0000
=Cs0Q00

) ~0.0000

-Ce0000
-0. 07090
00000

THIS CYCLE IS

STRAIN
(ouT)
~06 3200
Ce COOC
~0.0000
€+0000
0s 00200
Cs€0Q0
Q.0000
. 0QC0
D.CCC1
0.0001
G«0002
€. 0002
0.0003
C. 0003
CsC004
0.C004
C. 0005
C+0005
0. COCS
G 0006
0. 0007
CeGOCT
0.0008
C. 0009
C.C009
0.0010
0.CO011
0.0012
00013
0.CC14
0.0016
Ce0C18
00017
0.0CC6
-0.0002
0.0020
0s0C4S
C«0035
-0.0020
-00025
-0.0011
-0.0006
~0e.0006
-040006
~0.C0C6
-0.0C06
-0. 0005
-0.0005
~C. 0005
~0.0005
~0s 0004
~-Cs 0004
-0+0004
=-Cs CO04
~Ca 0004
~0.0004
-0.0003
~0.0003
~C. 0003
-C. 00073
~0.0003
~Cs 0002
-0.0002
~0. 0002
-0.0001
~Co 0001
-0,0000
-0.0000
-0.0000
-0.0000
Cs00CO
-0+ C000

4799,9922 LBS

LAYER



Vo~ HWN -

J= 40 TIME= C.3cCCl2CC

TCYAL ENERGY INPUT (INe-LR,)} = 2564697
KINETIC ENERGY (INo.-LB,) = 207.998
ELASTIC ENERGY (INe—~LR,) = 37656
FLASTIC WORK (INe-LB,) = 13742

THE NCMINAL FGRCF AMPLITUDE NDURING THIS CYCLE IS

THE FORCE DISTRIRUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v W N M STRAIN STRAIN
{IN) (ouT)

C.3201 -7.2305 =5GC. 0 =0a0 =3o0000 =-0,000"
06579 =7.,2747 7Ca3 =0a3 72,0001 0.,0n01
1. 5863 -7,1€35 171. 8 ~-D21 0,0C01 0.0001
202067 =669577 22€s 7 =Cal 0600002 GeC002
2+ BCE4 -6, 7787 28%.7 =0s1 CoD002 0.0002
3.38F€6 ~€4°C8C 337.4 =0s1 J.0003 0,0003
309431 -6,1877 381.1 =0s2 0,0003 CL,0003
4s 4675 ~-5,E2C2 42208 =0s.2 0,0003 0.,0003
40 G5T7G -E44CES 4€4,2 =0s2 Ja0004 G.0004
e 41C5 -4,6¢555 505,3 -0.2 00,0204 0.0004
54 8219 ~4,4647 54646 ~N22 C.0004 0.0C04
601885 ~3,9399 589.1 =0e3 02,0005 C(Ca0C05
6050E7 -3,3€51 633,8 ~0s3 0,0005 00005
be 71786 =~2,8C44 579,19 =0.3 0,0C05 0.0006
66974 -2,2023 73Cq1 ~0e4 10,0006 Co.0006

71625 ~1.EE€35 78240 =0s4 Ca0D006 0.,0006
72729 -CoS$525 84Cs7 ~Cs5 Co0OC7T CaCOC7
763278 -Co3143 903.5 ~0s5 0,0007 0,.C007

T.32¢€8 Ce 3264 S$T1.2 ~0s5 0a00C8 (.0008
702697 CaSE4S 104€.6 ~0e6 0,0008 0,0009
Te 1571 1. 5652 1127.6 ~0s7 060209 C,0CC9
6,58¢8 202137 1218, 2 ~0.8 Co02C9 0.0010
627690 2.8152 1316.2 ~0a9 040010 0.0011
€s45€4 3, 3652 1425, 3 -la0 040011 0,0012
661741 23,9491 1€44.3 ~lel 060012 0.0012
5. 8044 4o 4727 16757 ~le2 040013 0,0014
503602 4,5€2C 1816.6 ~le4 0.0014 0.0015
409347 Se4132 1364,3 ~1e5 0a0015 0,0016
40 4412 S. 8226 2106.4 ~le4 040016 0.0017
3.9137 €s1873 2278, 7 ~2s0 000017 0,0019
3.3561 625042 247940 =53 00018 0.,0022

2.7723 €, 717C1 26G€03 ~6s3 040019 0.0024
2016¢€5 6o G827 2938, 0 174 00,0030 0.,0017
1,5462 Te1460 322442 59.8 060053 C.0001
Ce 5165 12714 3431,.5 Tle6 040069 -0,0006

002814 7.3659 3559, 3 562 040030 0.0026
-06359C To4C57 224Cs2 -11602 -0,0035 (,0C83
=0e997C 723510 223, 1 ~135:2 -0,0056 0.0064

-1.6193 7.2027 -924.8 33e6 060005 ~0,0020C
~26 228 7.CC88 ~-10655.9 8326 060026 -0.,0041

— 28268 60 7€21 =GR6s1 3le4 0.0004 -0,0020
-2 40€3 €.5112 ~381.2 =2:9 =0.0008 -0,0006
~3+,95%6 .6,1902 ~-821,¢ =366 -0,0N08 -0.0C05
~4.4823 548214 ~777.8 05 =0.0006 -0.00606
-4e5711 £, 4CEE -7C3.7 le 0 -0.,0205 -0.,0006
~504221 405549 ~65342 Ge7 =Ca0005 —-0.0006
-5+ 8321 4e4637 =51646 0a6 -D,0005 ~CoCCCS
-6.1979 39387 ~584.2 +6 =0,0004 -G, COO05
~€e €166 3, 3839 -554, 8 +5 =0.2204 -0,0095
—6,7856 2,8035 =528.2 e5 =CeCOC4 -0,C004
~T7-,0037 222019 -505.1 e4 ~DaC004 -C,0004
-7.1683 » S€35 =483, 4 24 ~0s0004 -0,C004
=7.2785 Cs9822 ~465.4 24 =0a0004 ~0,0004
-70 3335 Ce 3157 -447,9 ¢3 =0.0003 ~0.,0004
723327 -Ca.2242 =434, 0 e3 =060003 ~0.0C04
~T7a2763 ~0,9616 =42062 e3 ~000C3 -0,0CC2
=Telé4€ ~-1.5517 =46 " o3 =0a0003 -0.00072
. —6eG%04 -2,2097 ~398,.5 a2 ~0,0003% -Ca0C03

-6, 7751 =-2081C8 -388,7 =0.2003 -0,0003

DO0LUODIOUIONDOULHLOLDOOOOCOOCO
.
G o et ot e s PO NN NN PO W W W DD T

~60.5083 -2,3906 -3BCe 4 »2 ~Zs0CC3 -CaCCO3
=6.1880 -3,9446 =371.3 a2 =060003 -0,0003
-5.E207 =-4.4686 =362, 4 «e2 —-0.0003 -0,0003
~5:4092 ~4,9586 ~354.4 e2 =0,0073 -0,0C03
~4, 55€5 ~5,4110 ~344,7 ol =0,0003 -0,0003
—4046€1 -5,8222 -334,13 o1 -CoC00C3 -G, 0003
-3.9418 -£.1891 =221, 4 el ~0.0203 -0.,0003
~3.3875 -6.5C89 ~306,.0C 21 =0,2002 ~0.,0002
-2, 8075 -€,7753 -288.5 «1 -0,0002 -0,0002
-2.20860 -6,5681 ~266s1 sl -Ca0002 -0,0002
-1, €78 -7,1637 ~237.3 sl =060002 -0,0002
=0.857¢6 -7.2748 -202.6 ol =0,0002 -0,0002
-0s3199 =-7.3305 ~146,6 20 -Ue0001 -C.CCO1

117
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LAYER



—

IO Pt ot B0 et gk e b et s
OVONCWMAPAWNHDO ORI ! W~

NN
JUN NN

NN
- I

(SR
o~

w N
« 0

AU AV RVCRVERTY
NP WN =

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
5¢
57
58
59
60
61
62
63
64
65
46
67
68
69
70
71
72

J= S0 TIFE= 0,0001500

TATAL ENERGY INPUT (IN.~LR,
KINETIC ENERPCY (INo.-LB8s)
ELASTIC ENERGY (INs-LBs)
PLASTIC WORK (IN«~LB,)

} 585,007
479,768
58,959

466280

LA ]

THE MCMINAL FORCE AMPL ITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTICN DURI
IS THE SAME AS LAST PRINTED

v W N
063228 =7,3303 15652
De G6C5 ~T7,2740 181.3
1e59CS =T,1€23 20%a
242092 ~6.99561 234.0
2.81CT =&.7766 2640 7
32,3907 «6,5054 3025
30 G44E -6o,1E47 349,3
he468G -~E,8168 40Ca 6
429590 =5,40446 463,53
564112 -449511 54€0 7
548221 ~4,459% b644e2
61885 -2,9346 12268
€ 5077 =3,3762 80449
67772 ~-2,7€81 8€Ss1
€ 9548 ~2,1656 933.1
Te1586 =1,£7€¢4 1CC4a1
722683 -0,9451 1€ 80,9
Ta222C =Ca3U67 1163.7
7.3196 Ce?2341 1239,2
Te261C 0.9722 1313.8
7:1468 1.6028 141404
65778 20 221C 1537. C
65,7551 248220 16€3.8
€s 4804 364Cl2 1809.3
€e15¢C 3,6542 16€1s 8
5+ 7841 4e4T6S 2081.6
543676 449641 22273
4+ 9CS87 £e4132 2445, 6
424139 5,8202 264345
3, 8841 £,1821 28470
3.223% €s4S51 214%.8
247370 67551 3441,0
2012¢¢€ 6o €3S 37967
1.5C9C 7.1213 41€0.C
CeBBC4 72716 459043
022498 7+ 3550 474G, 1

-0a 3903 Tat647 309243
~1.0289 Tetl4a4 €15, 6 =
~1s6450 T.2422 =3C1a2
=26 24 €2 700241 -599,1
-2.835%4 €a TE4S ~545,3
=3¢ 41 84 €.5128 ~999,1
-3.6722 ~&o41%29 -E79.9
-4o4945 £+8234 ~75Ce9
429822 5.4093 =699.5
~564323 456547 -€135, 4
~5e 8414 444627 ~546.9
~642063 3.9371 —4%&, 5
-6 5242 343818 -50763
-6.7927 28010 ~4E4,7
-T.CCS7 241999 -410.8
-1.1737 1. 580°¢ ~3€l.1
~7+2832 C»3500 -35843
- 73318 Co 3124 ~217. 6
-T.3362 -C.3277 -287,2
=7.27S2 ~(s%€51 ~271.1
=7.1670 ~1,5S51 =26C. S
=7, 00C3 =-2,2130 -251e3
=60 T8CE =-2,.8141 ~245, C
~645093 -3,353%8 ~238.7
~€. 1EET  ~3,6474 =233.9
~5,8210 =~4,471° ~222: ¢
=5.4091 -4,9614 -199,2
~4,5561 —-5,413¢ ~152.3
~4, 4654 —5,£245 ~G0s 4
~3.9408 -¢,1%12 ~27.3
-2.38€2 =~6.5109 lal
-2, 8055 ~¢.7€10 33.8
~202042 -669995 65.4
-1lo 5E57 =7,1647 Sl,7
~0e9552 ~7,27%4 114.4
~Ce3174 -7.3308 137.3

118

NG THIS CYCLE

M STRAIN
CIN)

=01 Ga0001
=Gel 0.00C1
~0al 0.00C2
=0s1 267002
~De2 0003002
=02 Ds,0002
~0e2 30003
~0e3 Co0CC3
~0e3 040004
~0s4, 0e0004
~0:5 000005
-Ce5 0406C6
=06 0.0006
~0s6 040007
=07 00007
-Cs8 {C.00(8
=029 0.000R
~1«0 C40009
-1s1 0. 0009
~1.2 0.0010
~1le3 0D.0011
-1s5 040012
~ls6 0a0C13
~1le8 040014
~2:0 De.0C15
-2+2 0.0016
~2»4 0.0017
“~2e 4 0.0019
~2e5 (0e0022
-6+5 10,0020
-12s8 D.0020
304 040029
43+.6 (00050
5ls1 0.CC88
4401 069120
6el 0.0040
<1040 ~0.0042
16345 -0,009%€¢
29,7 00004
1136 040041
80.1 0,0023
6+8 =0.0005
-12.0 -3.0C12
-2+5 ~0.GCO7
2.1 -0,0005
leb =Ca0004
1.0 ~0.8004
0e 9@ =0.0004
De8 ~0.0004
0.8 -0.0004
0s7 =0.0003
0s6 ~0.00C3
Je6 =0.0003
Cs5 =0s0002
0.5 =0.0002
Ne& ~0,0002
Je4 =0 0CC2
Oa% ~0a.0002
0a3 =0.0002
03 ~0,0062
o3 ~040302
Ce2 -0, 07202
D82 -Ne0002
Ca2 -0 0001

0sl -CaC0O1
Jel ~0,0C00

0el N.000C
0e0 000000
0.2 J.0201
~Ce0 0a000C1
~-0.0 0,0701
-0s0 0,091

STRAIN
{ouT)
0.0001
0.0001
Ca 0002
CeC002
Ce0002
0.0002
0.0003
. 0003
00004
0, 0005
0.0005
C. 00086
0.0007
0, C0C7
0.0008
0. CCCE
0.C0CH
0.0010
0.0010
0.0011
C.0012
0l.0013
0. 0014
0.0015
0.0016
. 0017
C.CC19
0.0020
0.0022
040025
0.0030
0.0026
£.,0012
Ca 0003
C.0001
C. 0036
0.D153
0.0112
~0. 0019
~0+0061
-0, 0038
-0.0010
-0.0002
-0, 0005
‘0»0006
=0, 0006
-0.0005
-0, 0004
-0.0004
-0, 0004
‘0.0004
-0, 0003
-0.0003
~0.,0003
~0.0002
~0+00C2
-3.0002
-0.0002
~0s 0002
-0, 0002
-0,0002
-C- 0002
-0,7002
~0.00201
-0.0001
-0,000C
=0.0000
0. 0000
0. 0001
C.0001
G 0COQ1
C.C001

T499,5922 LBS

LAYER



J= €0 TIME= C.00018Cn

TOTAL ENERCY INPUT (IN.-LBe} = 1151,893
KINETIC ENERGY (IN.-LR,)} = 950, 074
ELASTIC ENERGY (INe~LR,} = 82760
PLASTIC WwORK (TNe=LBo) = 119,760

THE NOMINAL FORCF AMPLITUDE DURING THIS CYCLE IS 83°9,9922 LBS

THE FGRCE DISTRIBUTICN DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

I v - W N M STRAIN STRAIN LAYER
{IN) (ouT) 1
1 0e326E ~T7,2292 381.2 =0s2 00003 03,0003
2 CaS645 -T7,2723 361a1 ~0e2 10,0003 C(o0007?
3 1.5946 -7,1596 3713.3 =0e3 0,0003 0,0003
4 202130 -€,9929 387.,9 =0e3 Ca0C03 CoCO0C3
5 2. 8143 -€,7726 4C5,8 ~03e4 06,0003 10,0003
6 363940 -€.5C06 472646 -0e4 Co2CC3 (o00C4
7 39477 =-6,1790 45242 ~0e5 Q.7003 0£,0004
8 494713 =-5,8103 4810 ~05 040004 ©.0004
9 459606 -5,3973 50fs5 -Def 060004 Ca0004
10 5.412C -4,5430 528,9 =Ne7  0,0004 0,0004
11 58220 -4,4511 550a 1 ~0«7 GCs0004 (,00GC5
12. 601874 -3.9251 599,C =J%e8 0.2004 0.000%
13 6o 504 ~3,3662 6651 ~0e9 04,0305 0.C006
14 647735 =-2,7875 121.¢ -lsl GCe.0005 Ca00C6
15 609867 -2.1846 813.3 =1ls2 Ca0C06 CaC007
16 721522 -14565C 896.5 ~le3 00,0007 (o'008
17 742558 -(,5335 GE3a.5 =le4 0.0007 0.,00C8
18 743116 -0s2949 1048,.8 ~leb6 0.00C8 0.0C09
19 70 3071 Ce 3458 1218.7 =ls8 0.09009 0.0010
20 Te2664 C.5838 137Ca1 =2o0 060010 000012
21 Ta1267 1.6139 1524.8 =262 0.,0011 0,0013

22 6. 658C 2023158 17456 ~205 0607013 0,0015
23 627326 208316 1938,9 =228 00014 C.0017
24 6e 454¢€ 3,4C96 2139.1 ~3s1 060016 0.0018
25 €0.1273 3.56CS 2381.3 =34 0.0018 00,0020
26 5,7520 4,4812 26078 ~3.9 0,0019 0.0022
27 5332C 408662 2855, 8 =368 0.0021 0.,0024
28 4.8706 $.4122 3C86e2 =323 060023 0,0026
29 42371F 5, 8157 2356 4 ~7el 0.0024 00030
30 3.8379 €, 1727 3632.,2 =~1742 90,0022 C.0C3é
31 3, 2731 €. 4781 3909,7 -8al 040028 C(Ce0034
32 2.6828 €.72173 42275 28,7 0.C046 06,0022 *
33 220745 609398 4602.7 228 02,0076 0.0016 *
34 1. 4533 7.1139 5028, 9 26s3 0,014C 0,0015 *
35 78263 7.2740 5437,0 128 040194 0,0025 *
36 Qs 2C12 Te4330 5422,6 Oe7 040082 0.,0063 *
37 -0.4352 75432 3€33,5 ~1039 -0.0C56 (Cs0229 *
38 -1.07¢5 1.5C37 9CTa4 —164e9 -0,0139 0,0213 *
39 ~1.¢£82¢C 762871 -848,5 3929 0.00C9 -0,0022
4G =-2,271C T1e 4TS =575:4 143s0 0.0060 -0.0084 *
41 -2.8565 67905 -859s2 121.9 0.0043 ~G.006" *

42 =3443269 65129 -777.5 41s? 00,0010 -0,0022

43 -3,9881 .6,15°1 —-7157 =185 =0,0013 (Co0001
44 ~4.5108 5.8262 ~671e8 =-12o8 -0,0011 ~-C.0000
45 =—4.6972 €e41C6 -64743 le6 =0.0005 -0,0006
46 -5.4458 409544 ~602.0 3e8 ~0.0003 -0,C006
47 =-5.E537 4s 4614 -50€. 8 1ls 9 ~Ca0003 -Co0005
48 -—£,217¢ 3, 5350 ~423. & le2 -0.0003 -0.0004
49  -665343 3,3790 -36%.1 le2 -00C03 ~-Co0GC04
50 -6.8017 2,71576 ~375.7 1.2 -0.0003 -C,0003
51 =~T7.0177 201953 =370.3 loel -0.0003 ~0.0003
52 =-7.18C7 la57€4 ~371.7 1 0 -0.0003 -0,0003
53 =7.2893 Cs9458 =316.1 929 =0,0002 -0.,0002
54 ~T,3428 C.3(8C ~228.,9 008 =0.0002 ~0.0002
55 -7034C7 =-Co.2220 -148.3 007 -0,0001 -0, 0001
56 =~T7:2R3C ~Co9695 =23.3 Ceb6 00000 -5.CCOC
57 =~7.17C1 -1,5666 3.7 Je5 00001 (0000
58 -7.0028 =-2.2175 hbs4 fa5 0s00C1 C(Ceo?CQCC
59 =6.7824 -2,8186 84, C 0s4 Go0QCC1 0,0001
6C -6.5106 ~-32,3682 1€3.5 O0a3 10,0001 C.CO01
€1 -¢s 1853 -3,9519 191.2 Co 040002 0.,0001
62 =5,8211 =-4,4156 212.8 ®e2 0.00C2 00,0002
63 ~5,4C86 —4,G653 247.8 0a2 000002 000002
64 -4,9E81 -5,4172 2791 Nel 000002 0,0602
65 -4,4639 -5,8279 295.0 0el De0002 0,0002
66 =~3.S5387 -6,1542 3C4s ¢ 0s1 Ceo0002 ¢€.0002
A7 ~3,3837 -€,5134 311.7 0e0 00002 (,0002
68 =~2,8030 -6,7831 317.7 000 Ga0003 (Ce0C003
69 -2,2009 -7.0010 223, 8 =00 00,0003 C,0003
70 -1.5822 -7.1657 2292 =0s1 0a0203 (.00C3
71 -D,9515 =-7,275% 338,7 -0s1 C,0003 ¢Co0093
72 ~Ce3135 -1.3305 342.7 =%:1 0.0203 0,0003

1l9



O DN SN

J= 1CC

TOTAL ENERCY INPUT {(INe-LB.)
KINETIC ENERGY
ELASTIC ENERGY (INo-LR,)

TIME= Co0CC3900

FLASTIC WORK

THE ACMINAL FORCE AMPLITUDE DURING

(INa-LB,)

(INa=LP,)

0o o

4767,137
37220895
196,160
878,082

THE FCRCE DISTRIPUTINN DURING THIS CYCLE
IS THE SAME AS LAST PRINTEC

%

Ce 3527
01,9909
1, €202
242368
2.9359
3.4128
3,9630
44823
4,56€4
504116
50 8144
6521714
fe4798
€o 1365
69406
7.C892
7.1812
7.2153
701925
741112
605726
6. 7774
605268
642227
5, £67¢
5. 466C
5.0179
4o £24%
3,9938
3,435C
268525
2.2539
146452
1. 0334
Co4140

-0.2110

- 048075

~1.4478

-1.€712

~2,4353

~24 9575

-3,5112

44,0561

-4, 58CS

-5.074%8

~545237

-5,9224

~6.2761

~ &, 58E4

-608485

-7+ G588

~7. 2160

-7.3191

-7.3€72

-7.3601

~7.2975

-7.180C

~7,0083

-6, 7837

-£.508C

-6,183¢

~5, 8112

~5,3955

-4, 6361

— 4o 4454

-3,9181

-3,3€12

~-2.,7789

-2.1757

- 10 556G

-0,9246

—Ca28¢€8

W

-7.2104
~Ta24E5
~7a13C5
-645585
647225
—€o hE4E
-€.1273
-5,7526
~5.3334
-4,8730
-4,375¢
-3,8431
-3.2816
~2.6547
~2.0872
~1.4¢38
-C. §267
-Co1897
Ce4509
1. CE6B
1.7128
243237
2.5142
23,4791
4,0137
425141
449738
503848
5.7467
600639
€02284
£.5849
6.831C
7.0932
Te3€54
7.6312
7.8915
8,0228
706625
7.2171
€0B448
€.5z2¢
€e1862
5.8193
£.4116
4,9550
44538
3.9199
3,3567
2.7754
2.1706
0 €457
€e9177
€e279¢C
-Ca3€14
-C.9°8R
-1.€284
~2.2456
-2.8454
~2,4236
~3,6756
~4,4G72
-4,9845
-5.4336
—£.£412
-€.2042
~€45197
—€.785€
-649998
~Ta16C4
722662
-7.3163

N

125 C
2177
23346
213,9
26043
323.2
41242
52745
573.0
61842
7406 4
913.2
1045,1
1132,
128446
132GC.7
14C607
155444
1679,.5
1880a7
21424 4
2359, 4
2548, C
2748,4
296242
3245.1
3527.9
3863.4
424C. €
46309
50553
556641
60775
5778 4
£458,2
532445
3917.9
1691,0
263.C
1717.7
115,18
2C%a 5
36CaC
432, 0
4€1. 58
495, 7
547, 8
584,3
579 C
58€s2
561.2
5816 &
6123
683,1
7127
635.8
77Ce2
847.9
818.2
84Sa 4
919,.3
851.9
680,62
478.5
284, 6
89,7
3.5
~1%e8
0.4
6753
665
75.9

1

M

~-le2
~lo4
~1la5
~1le 8
<27
-2+3
-2e €
-2a3
-3, 2
-3.6
~40 0
~4o4
—4,%
-5e4
-5 9
~64e5
-Ts2
~T7+9
-8.7
~9e5
~10.4
-11.9
-13.6
~1260
-0,1
-22e0
~41e6
-2263
127
23.5
19.8
600
Te1
-8.2
-9+ 0
3608
6729
~185e4
~135.9
15%3
180,62
13441
7785
18.2
~41e 8
~45.2
1.2
202
a2
De3
1.4
2s6
203
1.9
1a6
l.4
lo2
1.0
De9
007
Ce5
0s 4
GCo3
002
Oal
Qe
-Jal
=003
~0e5
~0a b
-0.8
20-1.0

STRAIN
LIN)
0.0001
0, 0001
C.0001
0. 00CL
0.0001
Ce.0C02
Ce0CC2
0.0003
C. 0703
Caf}D04
2. 0004
Ca0CCO
0.0006
C. 0007
0.0008
0.0008
000008
C. 0009
060010
0.0011
0.0G13
0e0C14
040015
Ca0C17
0.0020
C. 0017
0.0012
040022
0. 0C39
040C49
0.0095
Ge 01651
G.0362
040490
e €3S
00698
0. 0053
-0.04%6
~0.0058
00258
0.0193
00063
0.0933
0eC010
~0.0012
-0.0013
0,0005
0.0012
0.0008
0. 0005
0.0005
0. 0006
0.0106
0,0006
Cs 0006
0.0006
0.0007
0. COC7
0.0007
Qs G007
0.0008
00007
00006
0.0004
00002
0,0001
=Ns0000
~Ce GO0
0.0000
3.,0000
000000
C. 0000

THIS CYCLF IS

STRAIN
(T )
0,0001
Ca 0002
00002
Ge 0002
Coa0CO3
00003
Ce 0CO4
G.0005
0. 0006
Ce.COCE
0.0007
C. CCO9
0.0010
Ce0012
0.0013
0.,0013
0.0014
0.0C15
0.0017
00019
Ce 0021
0.0C23
0.0026
Ce 0027
0.0027
0.0034
0.0044
0.0039
0.0029
0.C027
0.0022
C. 0033
00152
00302
Ga 0492
0.0510
0.0261
Ce CSE2
0.0064
-0.0199
-0.0157
~0,0057
-0.0C27
-0+0004
0. 0020
C.0021
Ga 0004
-0.0002
0.0001
Ca 0004
0.0004
0. C004
G 0004
00005
C. 0005
C.0005
C.0006
0.C0Ce
00006
Ga GCCT
0.00C7
0.0007
Cs €005
C.0004
0. 0002
0,C001
00000
-G CCCC
00000
Ce 0001
G- 0001
C.0001

5024.8828 LBS

i Hoat %

"

LAYER



Qw~NoUHWwN

48

66
67
68
69
70
71
72

J= 190

TCTAL ENERGY INPUT (IN.-LR,)
KINETIC ENERGY (INs-LBo)
ELASTIC ENERGY [ IN,-LR,)

TIME= (o CCL5TCC

PLASTIC WORK

NO FORCING FUNCTICN I'S ACTING DURING

v

00 4627
120985
1,7230
203224
249215
3.4854
400191
44 5182
4s5781
503945
Be T€3¢
600818
603456
6655232
667002
€o TETT
6. R1C7
6o76TC
606622
65001
642750
505854
56337
50,2188
427455
4o 2280
3.68CS
3.1159
2 £43°%
1.56%7
123988
Qs E352
0,3009
~001935
-0 6744
-1.1634
-1,¢65¢E6
~2.2718
-2 7570
-3, 0887
~324226
-3, 8127
-46233¢C
~4¢6963
~56166C
-5, 6168
-6.03€2
~6e 4084
-6, 7215
~609693
-Te1534
~7. 2815
~Te36C7
=7.36¢1
-7.3843
-7.3136
~7. 1817
=609960
~6a76C8
=~ 6s 4753
~601405
-5 1591
~563344
~408695
~4e36T7
=30 8933¢C
~362694
=2.6812
-2.C72%
-1.4493
~0,8153
=0 1759

W

~7.2C91
=Telze4
~6s £B63
~€.76172
~€s5412
—€, 2386
~5,EEE55
-504E47
~£.0294
~4,5533
~44(3C3
~3e4748
~2¢8915
~2.2€87
~1l.6628
-1l.C285
~Co2887
02501
€. 8819
1. 5014
2.1010
Z.6722
3.2C76
3, 6557
401274
445050
4o B384
561404
£04280
e 712¢
6.0C72
603213
6.6984
Te 1400
Te 127
8,0803
8, 4984
£.7199
8.3030
17517
722039
€.,6%68
€,2120
5.7684
503322
4.8765
403520
3.8704
3,3112
227203
2.1067
1,479¢C
Ce 8435
Ce 2040
-C43263
-1.0729
-1,6658%5
-263125
~2.9082
-3, 4R16
=4.0276
~4,5422
-5,0216
~504621
~5.8€00
~602123
~€.5161
~64 7689
-6, 5686
-Ta1126
-7.202¢
-T102245

(IN,—18s)

N

122. €
26,3
-217,2
~246,2
-323,6
~21703
-300.1
-139.0
-1Ce6
4ot
27.7
-G, &
68,7
2202
116.4
186,5
235,1
342,9
380. 4
428,8
525,0
515,3
573,5
5G6e 3
538, 7
531.1
43244
31442
30043
213.4
422,0
32403
288, 8
134,9
167.5
110.6
50,1
~127.4
387.8
385,4
76546
1069,5
1306+ 5
1411,9
1587,7
1509, 3
1393, 12
14426
142241
1182.6
100243
885.5
767,09
66141
62042
719.5
663, 0
€2Ce 1
753,.8
77647
76246
782.3
712.3
62843
50502
411.3
381.6
21745
225, ¢
26647
197,7
143,5
121

W oo

M

~608
=-Teb
~8o4
-9, 3
-10.3
~11.3
-12.5
-13.8
-15.2
=16.5
=1BeD
=2Ca 6
=2246
~21.1
~22.0
=3546
~43, 2
-22.0
~11.3
-40,1
~58.4
~-62+3
~91as4
-101.2
-55.0
10,5
795
122.8
12407
142,11
14663
169.1
149.8
7346
-12.8
~11863
-179.3
=2056 4
~170.9
~1C%9.2
1ll.5
4243
1450 6
138,4
103.2
52¢8
-16,2
~56e5
~6660
~460.9
=71
25.0
47.6
3401
-12.4
=240 4
le7
13.2
3.7
~2:4
-Ja?
0e2
~0e b
~la4
~1le9
~2e4
~2+9
~3e4
—4sl
~4a 1
=54
~bel

57€€,(58
4538,262
175, 346
1052, 790

THIS

STRAIN
(IN)
-2e0302
-0.,0003
~0.0005
-CeNCCE
-0.,0CC7
~0e 0027
~Ce0CC7
-C.00056
-0, 0006
-0 00CH
-0.09007
-Cs GOOSB
-0.0008
-C.00128
-0.,0008
~2.0012
-0 9C15
-0.0006
-0,0001
-Co0012
~0,0018
-0, 0020
~0.0031
~0.0034
-3.,0C17
0,0008
0.0034
0.0C65
0eCOB7
Ca 0106
0.0150
0.C268
De0410C
00481
00 0595
0. 0584
~0.0150
~00773
-Ce0248
0.0123
J.C198
0.0128
0. 0193
0.0119
0.0058
00032
Ce 3005
-0.0010
~0.0014
-0.0209
0:0005
0.0017
00024
Ge0018
0.0000
-0+0004
0. 0006
Ca2010
0.00C7
Cs 0005
0.0006
020006
0, 0305
00004
0.00C3
00002
0.003G2
0.00C0
0300
Ca 0000
-0,0001
-3.0001

CYCLE

STRAIN
{um)
0. 0004
Ce CC03
00001
Cs£001
0.,0001
0.0002
C.GC02
C.0004
0, 0006
C. 00086
00007
C.0CC8
0, 0009
0.£008
0, 0009
G.0015
0.0018
0, 0C11
0.,0007
0s 0019
0.0027
C.0N028
0.CC40
00044
0, 0025
0.0000
-0, 0026
-0,0056
-0.0074
~0.CCSa
-0.1085
~0.0110
0,0015
0.0216
Qe 0451
C. 0534
060374
0.1123
0.0207
=00 0061
-0.0185
~0.0157
-0.0159
-0.CC82
-0.0030
-0,0008
0, 0017
G.0033
0.0037
0.0027
0.CC11
-0.0003
~0.0012
~0.0008
0.0010
0.0015
00005
-0 0000
0.0005
0.,0007
Q. C0C6
Ce0C06
Ce 1006
C.0CCs
Co 0005
00004
0. 0004
00003
0.0003
Co 0004
00004
0, 0003

LK 38 2%

»
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J= 230

TOTAL ENERGY INPUT (IN.-LRB,)
KINETIC ENERGY (IN.~L8.)
ELASTIC ENERGY {INo~LBso)

TIME= Co00C69500

PLASTIC WNRK

(IN.-LBs

o 1oy

)

57€€+ 0S8
4462, 289
164,025
1139, 784

NC FCRCING FUNCTIGN IS ACTING DURING THIS CYCLE

v

0s E1€C
1a1463
1.7715
23774
2.9617
3.5191
40 Ca47
4e5335
4e 5811
5.3827
507337
6.C313
6:2744
€o 4574
605728
626227
6o €12C
625381
6, 4004
602009
569325
S. 5852
51739
4a 6587
4,18C7
3.6367
3. 0740
24574
leSl44
1. 3334
07600
Cs 22912
~0.2456
=0 6799
-1,105C
~105458
-1.,9672
~246C20
-3, C736
-3. 3836
-3.6836
~4,0268
~4239C4
-4 7909
-%e.21C8
~5.£364
~6,0435
~€.417¢€
~6074472
~760113
~72207¢
~7-3340
~Te3975
-7.408C
=T7e.3741
~7.2971
-7.1728
~6,9923
~6s T4%€
-6.4526
-6,1121
~5. 7286
-503013
-4y 8324
~4,3270
-3.78%4
-3.,2232
-2.6326
-2.C22¢
-1.3975
~-Cs 1627
-0.1231

W

~Tel1543
~7.C616
691173
—Ea TC44
~6.4425
~€21273
~5.7€13
~543475
-4, 8893
~423503
-3,8544
-3. 2873
~2+6947
-2.C8C8
-1, 48C7
~0.8121
-{a1718
Oaté4s
1.€900
1. 6585
202801
208212
243091
307391
4o11¢€5
404553
4o TE1S
5.C417
5+3075
525777
508675
€e233€
€.6832
Telf4?
127C76
80,2208
E. 6838
£,5237
B8,4921
705230
T23€23
6.,8230
€e 2650
57948
543113
448330
403287
308191
36 26E5
2.6866
2C773
1.,4495
Ce8125
Col722
~Cab672
-1.1C23
-1l073C9
~243452
~249375
-2450C46
4o (466
~40.5562
~5.0353
~5.47C6
-5,8€32
~6o2102
-6+5C82
-£a 1547
~€55475
=7.0R59
~-7.1€58
-7.1891

N

-220,0
Qel
124.6
185, 8
293, €
472.1
604a2
65660
7554 8
877.2
77443
65C. 1
790,9
826,1
7273
T34.8
668, 9
545, 1
521.8
556.9
643.7
690.4
7238
795,9
BEle 1
915.1
909.8
8C8Be 9
621e6
537.G
39369
287, 7
175.C
161,.9
33e 4
EQel
~96e¢6
-129,0
-238a.1
-167s2
~-15060
-125.8
-1%
255,3
2C7,.5
244, &
318.3
247,1
27Ca 2
2715
223, 4
341.2
38641
38442
409,.8
41446
247, 8
244.1
GCe 7
5l. 1
~73.2
~24%6 5
-295,1
-553, 0
-432,1
-427,.9
=506 8
~352.7
~45143
-453,0
-168.6
=182.5

M

-9,7
-10.9
~12a1
-13.3
~1l4.8
~1665
~17.6
-158.5
=222
-27.2
=236
~1649
~31.7
~53.9
~4002
-18,9
-30.2
~34, 6
~32.8
=719

~1154,0

-123,5

-10%1
~47e3

37.0
T4a 4
103.7
129, 0
14446
16609
179,0
181.0
1C9.7
33,7
~47,9
~11645
=182465

-211.5

~182.6

=122, 2
~56,5
"13.7

93,0
14609
152.5
122.8

5648

=3.2
—46e1
~78.4
=67.3
-29 8

1l.1

4543

50s 4

2le6

-8. 4
~39,8
~1649

22,0

1662

~6s 8

~8,9

-lel

=03

‘3'4

=448
~5al

-5.7

=507

-7 7

=87
122

STRAIN
(IN)
-0.0006
-0, 0004
~0+0004
=06 0004
=06 0303
-0.0003
~-0. L0002
-0.00202
-0.0303
-Cs 00C3
-0,0003
~0s0001
-Na0206
-0.0014
-0, 0010C
~Cs 0001
=Ca 0006
-C.0009
-0,0008
-0, 0023
~0s 0039
~0.0044
~0. 0036
~-0,0912
0.C221
e 0026
0.0047
0e 0070
02,0100
0.0126
0. 0254
0.03204
0, 0394
0e0466
0.,0581
0.0581
-0.0237
~0,C855
~00261
040093
0.C163
040097
0a 0163
0.01322
0.0099
0.0050
0.0024
0.C001
-0.0016
~0,0029
~J.0024
~Ce 00C9
20007
J,0029
0.0023
N,0015
-0, 0001
~0e0013
-0.00305
0,00CS
060006
=30, 0005
~0,00Ch
=20005
-0.0004
-0.0005
-Cs 0006
~000005
~0e00CH
~-0.0006
~C.0004
~0e0005

STRAIN
(ouT)
0.,0002
Cs 0004
Ce0006
0,0007
Ce CCCH
0.G010
0. 0012
0.0CC12
N.0014
0, 0017
0.0015
0.0012
O.0C18
0.0027
e 0021
0,0013
00017
0.0018
0.0017
0.C032
0, 0050
CeN058
0. 0048
0.0024
-0.0007
-C. 0021
-0,0032
-0. 0054
-D,0085
-040108
-0.0182
-0.0168
0. 0030
0.0232
0. 0464
0. 0534
040415
0s1163
0.02C8
=0+0045
~0.0165
~0.0145
~0eD149
~0.0117
=0,0095
~0.0046
~0.0019
0.,0003
C.C020
0,0022
0.0028
0.,0014
-0.0001
-0. 0014
-0.0016
-0.0009
0, 0005
0.CC17
0,0007
-Ces CCCR
-0.0007
C. 0001
0.CCO1
~0,0004
-C. (303
=0,0003
-0.0002
-Ce €001
~0.0202
-0.0001
0,0002
0., 0002

* 3%

¥ % # o
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OB ~N;N L WK

J= 240

TOTAL ENERGY INPUT (INo-LB.)
KINETIC ENERGY (IN,-LB,)
ELASTIC ENERGY (INe-LE.)

TIVE= 0,00€7200

PLASTIC ®ORK

NC FCRCING FUNCTION IS ACTING

v

06 5342
1l 1672
17386
2, 3931
29756
3.532C7
4s0533
445390
4,5827
53792
567250
62 0LEE
622564
€04262
6,5355
66 5801
65616
664785
€0 3342
621248
508416
€o 4825
5.C510
465643
40 041G
3,4921
20 9250
20 3458
1.7604
1.1773
0a6C47
0. 0866
=C.3771
-0.7995
-1.21CS
-1.638%
~2008CS
—2.6815
-3.1529
-3e4557
~ 30 74£2
~4a0742
—4s432°¢
—4,818¢
-5.2256
=5, 6430
-6.0450
-6,4190
-6.7492
-7.0206
~7.2224
~7.3503
~7.4119
~Te 4184
~7,3793
~7. 2680
~T«17C5
-6.9908
-6e7521
-6e4546
=6,1091
-5.7232
~562955
~4o 8254
-403181
~3,7785
-3, 2107
~2.6186
-2,0070
-1l.38Ce8
-0.7452
-0 10¢C

W

~Ta1417
~1.C45€
-6¢8917
-€0.6813
~€54157
-6 0969
-5, 7274
~£e3102
-4, €488
—4.3462
-3.8074
~3.2385
~206440
-2.0274
~13560
~Ca 7571
-Co1169
0.5182
lo1424
1.7477
203223
20 €531
202268
3.7437
401136
bot442
4e 7422
€. 016C
£s2763
505427
£.8359
622198
€. £E1E
71929
167275
£,2€18
BaT242
o G748
80542C
749745
144026
6+8533
€.3211
5.8CG2
523135
48272
402284
3.8(82

3.,2592 |

206788
2e C7C9

1o4422
C.BC58

Co1€52
~Co4742
-1.1CS5
~1.7373
-2e3521
~20 9466
~365139
~4,0534
-4s 5649
-5.0418
~504773
~€. 8686
-602141
-€e51C8
-£.71556
~6+9463
~7.C814
-7615S5
-7.17%87

(INo,-LB

N

439,11
348, 6
149.8
1563
ERs €
l8a6
-80.0
116.8
106.4
=10.3
125.4
22Cs1
25243
28C. 5
22407
50647
619.0
68846
833, 5
71609
55443
695,3
76243
T47e2
725.8
62442
48503
445,3
4695
537.9
59Cc 4
610.2
711. 0
656,7
703,9
545, 9
399,8
170.8
17C.1
33462
577, S
£S4.8
895,5
1013, 0
1157.8
1111.8
1058.C
1065,9
101Ca1
89,4
86743
9ECs 2
809.8
811.3
82562
94446
981.1
87542
931.3
90Ce0
106248
114841
111C.4
1165.9
11835
1116.7
1145,17
107424
1033,4
G5C2+« 4
763.0
686,1

FIRST YIELCING AT TIME=

aonoabow

™

-13J.5
~11.7
-12.8
-14.2
~16.0
~17.2
-17.7
~20% 5
-2668
=266 2
~16,3
~236 6
=50.3
-48,8
~2446
-28,.9
=35, 5
~2444
“47e6
~95, 5
-117.3
~128,5
-92.2
~15.1
3600
140 D
115,.8
131.4
151.1
1647.5
177.9
158,¢
106.1
3% 9
-51el
-127.5
=182.2
-218.2
-180.5
~120.6
=-72.8
2265
4605
141.2
1450
123,2
323
1365
-42.4
-75.3
=820
~44,7
3.0
4C0e 9
5367
35,9
865
~2660
=3546
1.9
2667
663
=13.1
-7+8
~0a2
=251
-5e6
—bo &
~645
=Tat
~%:5
=9,.5

0. 70C09

5766098
4435, 505
202,048
1128, 444

STRAIN
CIN)
~0.0001
-0.0002
-0.,0004
=C.0005
-G, 0006
~0.0007
-0.0CCR
-0 CO07
-0L.0010
-0,0010
-0.0005
-C. 0907
=0,0017
-0.0017
-Ca 0307
-0.00G07
-Ca 0009
-0,0004
-0e2012
~0e €031
-0,0043
~3. 0048
-0aCL29
02,0000
0,0020
0. 0032
GaCJ48
0. 0068
0. 0101
0.0143
0. 0295
00299
0,0396
0. 0472
0,0585
Co 0581
=0,0235
~2.0872
~0e0263
0.0096
D6 0160
0,0121
0,0152
0. 014C
N.0122
06 0066
0.0040
0.0014
=0,0008
-0.,0021
~Ne0025
=0.,0010
02,0008
0.0022
0.0C27
0,09221
0,0011
~0,0003
-0, 0006
C. 00C8
0.001¢°
0, 0012
00004
0.,000C6
Ce0CCS
3,0008
0s 02C7
Co 0006
00006
0.0004
Ges 0003
D.0002

DURING THIS CYCLE

STRAIN
{toum
0.GGQ7
Ce 0207
G0, COCE
0sCC06
C.C0C7
Co (007
0.CN06
0. 00GO
0,0011
0.0010
GaC2CT
C.C011
0.0021
0.0021
Cs 012
CaC015
0,0019
0.,0015
00025
Ca G042
0.00%4
0.0063
Ce 0242
0,0012
-0,0008
-0,0024
=0.0040
-0.0057
-0.,0089
=0.0115
-0s 0157
~Ce 0157
0.0036
Ce 0233
0.0470
Ce 0542
0. 0423
0.1183
0, 0229
-0.0037
~0.0145
=0.0156
-0.,0124
~Ce 0111
~C.0CS1
~0+0043
~Ce 0023
6.0003
00024
00037
0,0038
Ca 0024
0,0005
=0.6009
-0.0014
=0.0006
0.0004
0.CC17
G.CN21
Co 0004
~0.0002
0. 0007
0,0C14
02012
C. CC09
0.0010
0.0011
000011
0.0011
0. 0310
0. 0CCO
0.000°
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B.6.2 Example 2: A Single-Layer Ring with Forcing

Function Provided by TEJ 2

In this example, a 2024-T4 aluminum riné, duplicating the dimensions
of the test ring used in NAPTC containment ring Test 91, is acted upon by
the external forces calculated by TEJ 2 as described in Subsection 3.4. The

following dimensions and characteristics are those of the ring used in Test 91:

Radius to inner surface = 8.657 in.
Radial thickness = 0.152 in.
Axial length = 1.506 in.

The forcing function is that described in Table 3, except that the
mass station numbers at which the time-dependent forces are applied have been
changed so that mass station number 1 can occur at 0 = 0 as it does for the

JET 2 program.

The stress—strain curve for 2024-T4 aluminum can be approximated by
the following stress-strain coordinates: (0,€): (0 psi, 0 in/in);
(50,000, 0.005); (56000, 0.030); (62000,0.080). Strain-rate effects are con-

sidered to be negligible, and the density is 0.2524 x 10_3 (lb—secz)/in4.

The number of mass points used to describe the complete ring is 72.

The critical time interval for this ring is obtained by using the
smaller of the two critical times from Egs. Bl and B2. These are calculated

as follows: -

€, -
AT = AS . ;@f_ﬁ,/p__ = O0.3B3x107° 3ec
long ,'/ %: N q,

where
AS = ZTLR = 0.762
+L(A9) S
[-% E. T H _E_._ H lo
P % "



Since ATLong is the smaller of the two, a value for AT chosen must be less than
this. The time between camera frames in the high-speed motion pictures of

_5 .
Test 91 was 30.1 psec. Therefore, a value of AT = .301 x 10 sec is chosen.

Thus, every 10 computation cycles will conform to each camera frame.

Let the program compute 800 cycles (about .002400 sec.); a printout,
conforming to the camera framing times, is desired at 10 cycles and every

10 cycles thereafter.

B.6.2.1 Input Data

The values to be punched on the data cards are as follows:

Format
Card 1 3E15.6
R = +0.865700E+01 (Radius to inner surface)
B = +0.150600E+01
DELTAT = +0.301000E-05
Card 2 615
N = 72
NRING = 1
M = 300
M1 = 10
M2 = 10
IND = 0  (no bonds to test)
Card 3 15
NSFL(1l) = 3
Card 4 is not used since IND = O
Card 5 4E15.6
H = +0,152000E+00
RHO = +0.252400E+00
= +0.000000E+00 Strain-rate effects are con-
= +0.000000E+00 sidered to be negligible



Format

Card Saa 4E15.6
EPSIL(1,1) +0.500000E~02
SIGMA(1,1) +0.500000E+05
EPSIL(2,1) +0.300000E-0L
SIGMA(2,1) +0.560000E+05
Card o6ab 2E15.6
EPSIL(3,1) +0.800000E-01
SIGMA(3,1) +0.620000E+05
Card 7 215
IOTA = 0 No initial impulse loading
NV =20 } is specified
Cards 8 and 2 are not required since IOTA = 0
Card 10 4E15.6
TBEGIN = +0.000000E+00 Total forcing function
TFINAL = +0.600000E-03 lasts 600 usecs.
AMP1TY = +0.000000E+00 Forcing function has zero
AMP1RZ = +0.000Q00E+00 amplitude at + = 0
Card lla E15.6,15,
2E15.6
T2 = +0.301000E-04
JOLT = 2 Indicates that the force distribution
to be defined by caxds which follow.
AMP2TY = +0.780000E+02 These define the nominal forces ampli-
AMP2RZ = +0.295000E+03 tudes at the second force vs time
coordinate
Card 12 215
NOP =5 {Number of mass points which are acted upon by
external forces)
MRTYZ = 2 (Indicates that the input values of force are v,z

directed, not radial and tangential}
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Card 13a

MASSNO
GTY (MASSNO)
GRZ (MASSNO)

Card 13b
MASSNO
GTY (MASSNO)
GRZ (MASSNO)

Card 13c
MASSNO
GTY (MASSNO)
GRZ (MASSNO)

Card 13d
MASSNO
GTY (MASSNO)
GRZ (MASSNO)

Card l3e
MASSNO
GTY (MASSNO)
GRZ (MASSNO)

i

H

]

27
+0.190000E+00
+0.260000E+00

28
+0.500000E+00C
+0.640000E+00

29
+0.100000E+01
+0.100000E+01

30
+0.580000E+00
+0.550000E+00

31
+0.080000E+00
+0.170000E+00

Format

I5,2E15.6

These are the ratios of the forces
acting on mass station 27 to those
acting on mass station 29 which will be

used as the normalizing force values

I5,2E15.6

I5,2E15.6

15,2E15.6

I5,2E15.6

Cards 11 through 13 are repeated for each force vs time coordinate

as listed in Table 3 until the last Card No. 1l gives zero amplitude at

time = +0.600000E-03

The total input data deck for this example problem should appear as

follows:



+0,n657000+01

+0.120600t+01

+0.301000E-05

[z 1 30u 10 10 0
3
2. 1=2N00E+U0  +0e292200E=03 +0.000000E+00 +0.000000£+00
+0200000=07  +0.5000008+05  +0.,300000E-01 +0560000L+05
+UL®U0ND0F-y] +U0.520000c+05
0 0 )
+ 3. 0000002 +00 +0.500000e-03 +0.000000E+00 +0.000000E+00
+(.301000E=04 2 +0.780000E+02 +0.295000E+03
“- bd
27 +0,190000E+00 +0,260000E+00
ihe +045000000+00 +J.640000c+00
2% +0.100000E+01 +0.100000E+01
300 +0.9800008+00 +0e9550000E+00
i1 +0.N80000E+00 +0.170000E+00
+{(1.,602000e=-0¢ e +0.1450002+03 +0.51%000E+03
5 2
27 +0.190000E+Q0 +0.220000E+00
2 +N,590000e+0G0 +U0.460000E+00
29  +0.100000e+01] +0.100000E+01
36 +0.520000E+00 +0.420000E+00
31 +0.050000+00 +06320000E+00
+0a.%030008-04 2 +0.153000E+03 +0.,691000E+03
5 2
27 +0.,160000E+00 +0,170000E+00
2H  +0.6400002+00 +0.620000E+00
29 +0.100000e+01 +0.100000E£+01
3¢ +0.6200U005+00 +0.500000E+00
31 +0.1200000+00 <+0,1%3000E+00
+0.120400E-03 2 +0e143000E+403 +0.794000E+03
5 2
2T +N070000£+00 +0.090000E+00
2r +0.6300006+00 +0.7830000E+00
25 +0.,1000u02+01 +0.100000E+01
30 +0.6%0000F+00 +0.830000E+00
31 +0.1200008+00 =0,060000E+00
+0,150500-03 2 +0.140000E+03 +0.8608000E+03
5 7 2 .
27T +0,110000%+00 +0,090000E+00
2R +0.650000E+00 +0.740000E+00
29 +0,100000E+01 +0.1000U0E+U]
30 +0.640000c+00 +0.750000E+00
31 +0.,120000c+00 =UL.,030000E+00
+, 1 H0ARQNE =03 2 +0.141000E+03 +0.902000E+03
& 2
27 +0,120000+00 +0:0%0000E+00
2% +N0,AL0000E+00 +0.520000E+00
A4 +0.,10000G0F+0]1 +0L.100000E+01
3 +0,A20000c+00 +9,510000E+00
31 20130000400 +0.160000E+00
+(.210700E=03 2 +0.925000b+02 +0.949000E+03
- 2
AR 2N 0ANNH0GE+0D  +0.080000E+00
24 20 .h30000E+N0  +V920000E+00
i +0,100000c+01 +0.100000E+01
31 +0,A70000c+00) +0.,80u000E+00
32 +N.130000L+00 -0.170000E+00
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+0 o, 740800r-023 Vel
by P
AR+ 0.070000E+00
29 +0).67000UE+00
30 +1).100000E+01
31 +0.700000ec+0G0
37 +0.070000E+00
+0.270900-073 2
b 2
e +0.0000004+00
25 +NAAR00UNR+00
30 +0.100000=+01
3] =0.200000e+90
372 +0,090000c+00
+0.,301000E-0;3 2
S ’
e +0.G200000+00
29 +#0,650000+00
30 +0.100000E+01
3} +0.780000c+00
37 +0.160000E+00
+1.331100-03 2
5 2
2R #0,070000+00
7Y +0,A40000E+00
30 +0.100000E+01
31 +0.660000-+00
32 +0e140000L+00
+0,361200t-03 2
5 7
2% +0.,110000E+00
29 +0.690000E+00
0 +0,100000E+01
31 +0.6B0000c+00
37 +DL130000E+00
+0.391300E~03 2
“ 7
AR +0,060000E+00
29  #+0,750000%+00
30 +0.100000k+01
i1 +0. 750000E+00
37 +0.0QA80000E+00
+e4214008=03 2
5 i
29 +#0.1200008400
I +0.0000UVE+VO
31 +0.100000e+01
3¢ +0.600000E+00
33 +0s.120000tE+00
+0.451500£=-03 e
bl 7
AY +0.0700008+00
30 +0.660000E+00
31 +0.,100000e+01
37 #0.070000r+00
33 +0.130000c+00
+, GRIEGNNOF -(3 Vel

+0.,830000E+02

+0.040000E+00
+3.613000c+00
+0.100000e+01
+0.500000e+00
+0.200000E+00
+J.63d000k+02

+0s040000E+00
+0,290000E+00
+0,100000E+01
+U.5310000E£+00
+0.250000E+00
+0.242000E+02

+0.460000E+00
=0 060000E+00
+U.100000E+01
=0, 770000E+00
+0.180000E+00
-0+289000E+02

+0.000000E+00
+0.260000E+00
+0.100000E+01
~0e040000E+00
+0.460000E+00

+0.240000E+00
+0.310000E+00
+0.100000E+01
+0.230000E+00
+0.220000E+00
=0s /848000E+02

+0.220000E+00
+U.650000E+00
+0.100000E+01
+0.060000E+00
+0,020000E+00
~0.110000E+03

+0.150000E+00
+0.440000E+00
+U.100000E+01
+0.,440000E+00
+0.180000E+00

+0.190000&+00
+0.550000E+00
+0.100000c+01
+*0.000000E+00
*U0.100000E+00
~0:131000E+03

12¢

+(.8I9800UE+03

+Ued31000E+03

+0.853000E+03

+0.767000E+03

+0.668000E+03

+0.553000E+03

+0.537000E+03

+0.430000E+03

+0.354000E+03



29 +0.190000E2+00
36 +0 540000 +00
A1 +0,100000+01
37 +0aA20000=+Q0
33 +0.170000-+00
+0.9117008-03 2
5 2
25 +0.220000E+09
30 +0.540000E+00
31 +0.1000008+Q1
372 +0.510000E+00
32 +0.0U70000E+00
+(1e541R00GE~(3 l
5 2
9 +0.1100008+00
30 +0.,610000E+00
31 +01000060+G1
37 #0900 U0E+00
33 +0,1950000£+00
+Je571300e-03 2
5 7
29 +0.020000E+00
30 +0.460000+00
3] +0D100000E+01
37 +0.720000c+00
33 +0.320000E+00
+1,601000E-03 1

+U.170000E+00
+U0.,030000E+00
+0.100000E+01
+J.500000E+00
+U.170000e+400
~U.137000E+03

*Y.U3J000E+00
+U.690000E+09
+0.100000E+01
+0e270000E+0V
+0e.100000E+0V
~0e140000E+03

+0,040000L+00
+0,650000E+00
+0.100000E+01
+0.710000E+00
+0.,150000E+00
~0.135000E+03

+0.020000E+00
*0,.550000L+00
+0.100000E+01
+0.,730000E+00
+0.200000E+00
+0.000000E+00
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+0e247000E403

+0.210000E+03

+0.000000E+00



B.6.2.2 Solution Output for Example 2

The solution printout is as follows:

JET 2 A PRIGRAM USED T CALCULATE THE RESPINSE OF A FREE
CIRCULAR MULTI-LAYERED RING WITH THE FOLLUWING PARAMETERS.-
RADIUS OF RING TO INNER SURFACE (INe) = 865700
WIDTH OF RING {INs) = 1.5C0650
THICKNESS OF RING (INe} = Je 15220
CENTRUICAL DISTANCE FROM INNER SURFACE (INs) = 007600
NUMBER 0OF MASS PUINTS USED IN THE RING = 72
NUMBER OF LAYERS USED IN RING CROSS SECTION = 1
NUMBER 0OF CONTR3L STATIONS USED IN LAYER 1 = 4
NUMBER OF McCHANICAL SUBLAYERS AT EACH

CCNTRCL STATION IN LAYER 1 = 3
THICKNESS OF LAYER 1 = Gel5200

TIME INTERVAL PER CYCLE USED IN PRUGRAYM (SEC) 06300993991 E~C5

THERE IS NO INITIAL IMPULSE

STARTING TIME OF FURCING FUNCTION (SEC) = 0.0
STOUPPING TIMz GF FORCING FUNCTION (SEC)Y = 0,0006000
DURATION OF THE FJRCING FUNCTIUN {SEC) = 0.000600C
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Yol ~-JEN - AT, B N VUR wn

69
70
71
72

J= 0

TIME= 0, O

TOTAL ENERGY INPUT (INe-LBa) = 0.0
KINETIC ENERGY {INs~LBe) = 0.0
ELASTIC ENERGY {INo-LBe) = Js 0
PLASTIC WORK {INe=LBe) = 0e 9
THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS Cel

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS DEFINED BY NORMALIZED INPUT VALUES OF GY(I)y AND GZ(I)

v

Q. 3809
1.1359
1.8902
206261
3.3420
4.0U324
426922
53163
5 8999
56,4386
609284
7.3653
Te 74€3
8.0682
8,3288
85260
8,6583
8, 7247
8272417
8.6583
8s 5260
8,3288
8.0682
Te 7463
73653
6+9284
6.43E6
548999
53163
4.6922
420324
343420
26261
1.89C2
1,1399
003809
~ 06 3809
=1.1399
~1.8902
~2.6261
~3.3420
-4,0324
~446922
~54316€3
~5. 8999
~6:43E6
-6.9284
~T23653
-Te 7463
-8,0682
-8, 3288
~8.5260
~Be6583
-8s 7247
~8o7247
~8, 6583
~8.5260
-8.3288
-8.0682
~TeT4€3
=7+ 3653
~6e 9284
-6.4386
-5, 8995
~503163
~4.6922
~4,0324
=3.3420
~26 £261
~1.,8902
=1.1399
-0. 3809

W

-8 7247
- 806583
~8.5260
~8,3288
-8.0682
~T727463
=7.3653
~6+9284
~6.4386
-5,8999
~5+3163
~4,6922
-40 0325
~3e342C
~2s6261
=1.8902
~11399
-0.3810
Co 3810
1.1399
1.8502
206261
343420
400325
406922
523163
5. 8999
664386
6 5284
Te3653
TeT463
€. 0682
803288
8. 5260
806583
8.7247
8o 7247
8,6583
Be 5260
8, 3288
800682
T 7463
123653
69284
604386
5+8999
£03163
456922
4, 0325
303420
22 6261
1. 8902
1.1399
C. 3810
-0.3810
-1.1399
~1.8902
~266261
—3+3420
-4.2325
~406522
-5.,3163
-5.8999
-b6a43 86
-629284
=7.3653
- 7. 7463
~8.0682
~8,3288
—-£.5260
-8,6583
=8, 7247

0. 0
0.0
O.O
0.0
[P ]
0,0
0.0
0. 0
060
0.0
0,0
O°0
0.0
Ga0
0. 0
0.0
040
0.0
[<X%]
00
0.0
0s0
Ga 0
0.0
0.0
0.0
0.0
0.0

M

Oav
Oa 0
Je0
Oe 0
G.O
Je 0
0e 0
00
Ue 0
0a 0
0,0
060
0«0
0.0
Je0
0.0
0a 0
040
0,0
0.0
040
0+ 0
0.0
D0
0. 0
Cal
0.0
000
0 0
DeD
Do
0.0

Oal
Ge O
Js 0
Ce0
02 0
0.0
0.0
Co
GaV
Ge O
0s0
De0
Oe 0
0a0
00 O

STRAIN
(IN)
Oeu
00
Ol
0e0
e 0
2.0
e 0
0.0
06V
3.0
0,0
Je 0
00
0.0
a.o
0.0
0.0
0.0
00
0o J
060
0s 0
0.0
0.0
0.0
009
040
0.0
0,0
0e 0
0.0
O'O
0.0
0.0
0.‘\)
Qe 0
0s0
0s0
0.0
0.0
0.0
G»0
020
Ue0
[¢2%5]
Ge 0
Je 0
0.0
0,0
0,0
0.0
0,02
0.0
0.0
0s0
Qe
0.0
062
0eC
Te d
0sG
0.2
Qe
090
0.C
0e9
Ce O
OQO
0.0
040
Qa O
[ I)
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J= 10 TIME= 0.0000301

TOTAL ENERGY INPUT (IN.-LBs) = UJo 483
KINETIC ENERGY (INe-LBo) = 0+406
ELASTIC ENERGY (INo.-LB.} = 0o 019
PLASTIC WORK (INo~LBs) = 00357
THE NCFINAL FORCE AMPLITUDE DURING THIS CYCLE IS 3051372 LBS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

I v W N M STRAIN STRAIN LAYER
{IN) (0uT) 1

1 0.3809 =-8.7247 00 U G Qa0 Gs 0

2 1,1399 —3.6583 0.0 JeD  Jeu 0.0

3 1489C2 =—E€,5260 0.0 Ced  Gal Ce0

4 246261 ~-8.3288 000 Ja0 060 C.C

5 33420 -8.0682 Cs U Jed Jeu 0.0

[} 400324 -7,7463 0.0 Qe 0 0w 0.0

7 406922 -7.3653 0l.0 0.0 060 0.0

& 5: 3163 -6.9284 0.0 00 D60 0.0

9 58999 -6.4386 GG 340 J.0 0.C

16 604386 —5.8999 =0,0 Ds0 0e000C -0,0000
11 609284 —5,3163 000 040 2,000C -0.0000
12 Te3653 ~4.6922 =00 ~0eG ~-J.0000 0.GO0C
13 ToaT463 -4 0325 0s 0 Oe 0 0a0000 -0,0002
14 3.0682 -3,3420 =0.0 =00 = 320000 Cl.0000
15 Be 3288 -2.6261 0.0 Uel 040000 -0,0000
16 8605260 -1.8902 =0.0 ~0s0 -0.0000 060000
17 8,6583 -1.1399 0.0 00 D,0000 ~0.,0000
18 8o 7247 ~0.3810 ~0a0 =Je0 =UsGJI00 0.0000
19 807247 003810 0.0 =0e0 =0,0000 060000
20 806583 11399 066 ~0s0 0.G00G 0.0000
21 8:.526C 1. 8902 3.5 =00 3000 0.0000
22 8.3288 226261 12.3 ~0s 0 DsCO00 0, COOC
23 80682 303420 29,9 ~0s0 0.0000 0.0000
24 Te 1462 400325 5446 -0s0 0.0000 0.,0000
25 Te 3653 496923 8le6 ~0a0 000000 0.0000
26 6. 5283 5.3164 1115 163 0.,C301 0.0000
27 604387 5.9001 147.1 lel J40001 00000
28 5.9001 624391 155.6 le1 J.0001 0.,0000
29 503168 60 9292 124.9 ~6el =0.0001 0.0002
30 426925 T«3659 2465 -0s9 -0.0000 (00000
31 4 0325 To T4b4 ~27.9 208 040000 -0.0001
32 3, 3419 8,0683 -30.3 068 -0,0000 -U,0000
33 246260 803288 ~31a7 000 =060000 -0.0000
34 1. 8901 845260 ~29,2 00 =0.0000 —-0.0000
35 1. 1399 8,6583 ~23.4 0aQ ~0¢00200 -0.0000
36 0. 3809 Bo 7247 =13.3 0s0 -0.000C ~-0,0300
37 -0.3809 8e 7247 —4s & 020 -0,0000 -0.0000
38 =-1l.1399 8. 6583 =0.7 0e0 ~0.0000 =0s 0000
39 -1.8902 Bo 5260 -0.0 0e0Q ~0600U00 =0.0000
40 =Zo6261 Bo3288 0.C ~0e0 —0.0000 0,0000
41 —3e3420 8.0682 -0.0 Je0 020000 -0.0000
42 =~4.0324 T 7463 0.0 =0eD —0.0020 0.0000
43 =4.6922 . 1.3653 -0.0 363 0e00C0 -0,0000
44 =5, 3163 6, 5234 0.0 =0e0 =060000 0.0000
45 =5.8999 6+ 4386 =0.0 Jed  0.0000 -0.0000
46 ~644386 548999 0.0 -0e0 —0.0000 0.000C
47T =—6.9284 563163 ~0e0 ~Jed -0s0000 0.,0000
48 =~7,3653 406922 0. O 00 040000 -0.03009
49 =~T.T7463 440325 0.0 3.0 J.0 0e0

50 =-8.,0682 3. 3420 0.0 0.0 QD 0.0

51 =B8e3288 26261 Go0 0,0 0,0 G 0

52 =-8.5260 1. 8902 0,0 Vel 0D 0.0

53 -—d.6583 11399 0.0 0.0 000 0. 0

56 =B.7247 0.3810 0.0 00 060 0.0

55 =8607247 =-0.3810 0.0 Ja0 060 0.0

56 =—8e65E3 ~1.1399 Ue 0 Je G 0.0 0.0
57 =8,5260 -1.8992 Cs D 220 0Oe0 0s 0
58 -—8.3288 -2,6261 0.0 Je0) 003 0.0

59 =-8.0682 =-3.3420 0.0 Ge 0 0a0 GeC
60 -T1.7463 ~4,0325 0.0 0.0 Qa0 0.0

61 =T7.3653 =4,6922 0.0 0.0 Jo0 0.0
62 ~6,9284 -5,3163 0.0 0.0 0690 0,0
63 =604386 -5.8999 G0 Jel 0.0 0.0

64 =5.8995 =—60.4386 0.0 020 Ua0 0.0
65 =503163 ~6,9284 000 0e0 Q00 0.0
66 =4,6922 -T,3653 0.0 0.3 0.0 0.0
67 ~4,0324 ~7.7463 0.0 Ja3 0.0 0.0
68 =3.3420 -8.0682 Ce0 GaO 00 0.0
69 -2,6261 -8.,3288 0.0 020 9.0 0e0

70 —1.89C2 -8.5260 000 20 0.0 0.0

71 -1.1399 -8.6583 0s0 0.0 2.0 0.0
72 =12,3809 -8.7247 0s 0 3.0 Qev 3.0
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J= 20 TIME= 0.0000602

TATAL ENERGY INPUT (IN.-LBe) = S5+372
KINETIC ENERGY (INe-LB.) = 49 583
ELASTIC ENERGY (INe-LBo) = De438
PLASTIC WORK {(INs~LBs?} = 00351

THE NCMINAL FORCE AMPL ITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v W N M STRAIN  STRAIN
(i (ouT)

Ve3809 <-8.7247 a0 9,0 0,0000 -C,0000
1,1369 =-8.,6583 =0.0 =200 =060000 060000
1.8902 =-€.5260 0.0 00 0s000u -0.0207
246261 -B8.3288 =060 =Ce0 —0.0000 G.0907
303420 -8,23682 0e 0 Je0 00000 -0.0000
420324 -~T.7463 ~0e0 =060 -Ge0000 Q€000
406922 —T7.3653 0e9 0«0 0.00C0 -0.0000
563163 ~6,5284 -Ce D ~0s0 ~0.0000 0.00060
568999 -~6.4386 0.0 =0.0 —-Ga0000 10,0000
6e 43BE ~5,45999 0.0 ~Je® -0.0000 00200
609284 -5,3163 Ol =00 ~0.0000 Ca0ICO
Te3053 =-4.6922 0.7 =3sG 20200 C.0000
7o 7463 =4,0325 302 =0.0 0s000C 0.0000
80,0682 -3.3420 10.5 -23.0  0.0000 00,0000
80,3288 ~2.,6261 2505 =00 040000 0.0000
845260 ~148902 4840 -JeD 0s2000 0,0000
86583 ~-1.1399 T4.0 ~0e0 040200 00,0000
86 7247 ~-C-3809 100.7 ~0sl 0.9G00 0.,0000
8.7247 0.3811 130.5 ~0e¢l 0e0001 G.0001
86582 le1401 165.6 -0o1 00001 040001
8605259 1. 8904 206s 4 =0.,1 00001 G.0001
84,3286 206264 25643 ~0el 0s0001 0.,0001
8+ 0679 3.3424 303.1 ~0s2 040001 0.0001
T.7458 40329 335.7 -0a5 060001 6040002
Te3647 446927 38265 0e9 060002 Ga0002

60 3276 543169 433.9 Je4 060004 G,0000
624387 5.9014 492.1 1165 000004 060000

59018 604421 50200 1.3 02,0002 0.0002

523199 609341 37567 =-4le4 —0.0005 Ge0009

406943 723690 203.5 =545 =060000 0.0002

40 0329 Ta 7471 9608 175 06,0003 -0.,0002

303420 8.0682 102.2 7«5 0,0002 -0.0001

266260 8.3288 Tael Ge2 GeD000 00,0000

1. 8901 845260 43.2 =Je3 060000 0.0000

11398 8.6583 27.2 =00 0,0000 040000

0.3809 847247 l6.4 0.0 0.,0200 00,0000
-J+3810 807247 Ta2 Co Ue 0000 040000
~1.1399 8.6583 ~Te4 OaU =D.0003 -C»0000
-1. 8902 845260 ~2leZ2 0e0 =0,000u -0,0000
~ 206261 8.3288 ~27: 4 00 ~0,0000 =0,0000
~3¢3420 8,0682 -29,1 0.0 ~04C000 =~0a.000C
-4 0325 Te 7463 ~27.6 00 =~0.0000 -0.,0000
-4 6922 To3€653 -2065 JeQ —2,0000 -0,0000
-5+ 3163 6s 9284 =10.7 De0 —J3.0200 —0.0000
-5 8999 604380 ~3e 7 Ue 0 -0,0000 -0, 0000
-604386 508999 ~0e8 Gel ~04,0000 —-0.000C
- 6o 9284 523163 -0.1 Je0 —-0,0300 -0,0000
~Te3653 4.6922 =00 0.0 06000C -0.,0000
-Ts7463 440325 0.0 =3+0 -0,00C0 0,0000
~B8,0682 303420 0e 0 =00 ~0.0000 0.0000
-8,32838 2262061 =00 00  0:0000 -0e 0000
-Bs 52690 1.8902 0.0 =00 ~0.0300 (.0000
-8a65€3 1,1399 ~0.0 2.0 20000 -0,0000
-8 7247 0.3810 0.0 -0eU =0o0000 G,0000
-8 1247 -0.3810 -0s0 0e¢0 D.0000 -0.0000
-8,6583 -1.1399 0e 0 ~0e0 =~0a00CD (e 2000
-865200 ~1.8902 =0.0 Q0 020300 —0.0000
- 823288 =-2.6261 0.0 ~Je0) -2, 0000 0.,0000
-3 0682 =-3.3420 =00 De0 00000 -0,0000
-Ts 7463 -4.0325 0.0 =0s0 =0,0000 0.,0000
=7+3653 =4,6922 =-0.0 90 0.0000 -0.0000
~-629284 —5.3163 0.0 -0.0 ~0.0000 0.0900
-604386 ~5.,8999 =0.0 0s0 0s0000 -0.0000
-548999 -6.4386 000 ~0e3 =0,0000 0,0000
-5:3163 -6.9284 ~060 Vo0 0.0000 -0.0000
406922 -1.3653 -0 -2:0 -J,000C ©0,0000
~400324 ~T.7463 0.0 000 00,0000 -0.0300
- 303420 -8,0682 =060 -0s3 -0.0000 0.,000C
-2:6261 -8.3288 0«0 0s 9 0.0000 -0,0000
~1.8902 -8,5260 ~UeU ~0.0 =0,0000 (.0000
-1.1399 -8,6583 0.0 0s0 000000 -0.000C
~023809 =~8.7247 =040 “0e0 =0,0300 00000
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54

J= 30

TOTAL ENERGY INPUT (IN.-LB.)
KINETIC ENERGY (INeo-LB,)
ELASTIC ENERGY

TIME= 0,0000903

PLASTIC WORK

(INo-LBy)
{INe-LBo)

[T TR L 1]

21982
18, 337
2.634
1.010

THE NGMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

Ue 3809
1. 1369
1.8902
206261
3.3420
4s0325
40 6922
5,31¢€3
59000
ba 4387
649284
Te3654
Te 7463
80,0683
8, 3288
85260
8,6582
8. 7245
847243
Be 6577
B.5252
Be 3277
8. 0668
Te7443
Te 3627
669257
60,4388
50 3066
503272
4, 6994
4o 0346€
3.3424
226263
1.8904
l.1401
J. 3811
-0e38C8
~1.1398
~1.8901
=2+6261
~3. 3420
-4, 0325
~446923
~5, 3164
-5, 90G0
~6.4387
~60 9284
~T7e3654
=T, 74€3
-8.0682
~803288
-865260
~8,6583
‘8.7247
- 807241
-8,4583
-86 5260
-8.3288
-3,0682
—-Te 7463
-T43653
~6, 9284
-604386
-5.8999
-5, 3163
~4,6922
~4,0324
=3s 3420
=2.6261
-1, 8902
-1.1399
-0.3809

W

-8.7247
-8, 6583
-£-5260
~863288
-8, 2682
—~Ta 7463
-7+3653
-6.9283
~6+4386
-5, 8999
=-5.3162
~4¢ 6921
~40 3322
~3,3417
-2+ 6256
-1.8896
-1.1392
—-Cs 3802
0,3819
121410
1.,8914
2.,6274
3. 3434
420339
406936
503179
529044
624500
605451
7.3770
Te 7494
8.0678
8.3284
8. 5259
846582
8e 7247
8.7247
846583
8. 5260
8.3288
8.0683
T 7463
723653
6. 9283
644386
58999
53163
406922
400324
36 3420
25261
1.8902
141399
0.3810
-0s381¢C
~1.1399
-1.8902
~2e6261
~303420
~44 0325
~4,6922
-5.3163
~5e 8999
~6:4386
- 6. 9284
~7.3653
~7.7463
~8+0682
~8,3288
~855260
-8+ 6583
~8+7247

N

0.0
0s 0
Col
Co7
360
9.1
2149
4260
6625
91. 5
117.1
146.8
1820
22108
262,6
29445
320.5
360. 5
406, 8
449.8
501. 6
55302
620.8
696, 6
78445
883.0
857.9
993.06
81008
5477
400, 7
349.9
305.5
2620
221e2
189,8
150.5
12401
113.9
94e 2
66,8
43.3
2960
20.7
8.7
=7,0
~18.3
~2406
~27e7
~2563
=175
-8.8
~3e2
~0e9
=02
=00
=0aU
~CeQ
0.0
e 0
=000
0,0
=0.0
Q0.0
=0.0
0ev
=0.0
0.0
=00
0.0
0.0
00

M

-0l.0
=060
~0e 0
-Ce0
~0e 0
~Ne,0
=00
-2 0
~Je0
-0.0
-Jel
=0l
-0l
=0el
=01
~0e2
=Ga2
=062
~Je2
=0s3
-0e3
=Je3
=10
~leb
57
2945
4261
-2048
~99, 0
-28,2
4507
29,3
269
~1le7
=0.4
-Ued
~0.0
~0al
~0.0
~0. 0
=00
~0e 0
~0s0
el
0s O
0.0
Je 0
0.0
Ge0
e O
Usv
0e 0
(e 0
0.0
Jo O
a2
0.0
0a O
-JeD
=00
0s 0
~0.0
0.0
=0.9
00
=00 0
Je0
=00
Js 0
-JeJ
=00
~JsQ

STRAIN
(IN)
~0,0000
~-03,0000
=~ 00000
3.0000
J: 0200
Js 0000
200060
0, 0200
G000
Js 0000
0s 000G
3,0001
Js 0001
0.0001
0.0Cul
0. 0001
0.00C1
0.0002
0.0002
0.00C2
0, C002
0 00C2
0,0003
3 GOC3
000004
Qs 0009
0., 0011
0.0001
-0.0014
-0.€002
0.0010
Je 0007
00,0002
0.0001
0.0001
060001
0. 001
0, 0001
0.00CO
0.0000
0.006G0
0, 0000
0. 0000
0,0000
3. 0000
~0,0000
~0,0000
-2, G000
=0+0000
=Js 0000
=0e0J00
-060000
-0.0000
~-0,09200
~03.0C0U
-3, 0000
UeD000
0. 0000
~0. 0000
~0.0000
Ue GOO0
~J.0300
06200
-0, 0000
00,0000
~0. 0000
10300
=0.0300
0, 0000
-320000
~Je 0ICT
-0.00070
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STRAIN
(ouT)
0o 0000
060000
0, 0600
00000
0.0000
Qs 00OC
Ge0CJ0
C. 0000
G. 0000
3.0000
0, 0001
G.0001
Cs0001
0. 0001
0,0001
0.0301
0,0001
0.C302
0. 0002
040002
G. 0002
0,0002
0.0003
040003
040002
-0,0001
=0, 0003
G.0008
0. 0021
0,0007
-0.0006
~0. 0004
0.0001
0.,0001
0, 0001
0.0001
00 0001
0.C001
Ge0000
0, 0000
0.0000
0. 0000
0.0000
0.0000
0o G000
~0,0000
-0.0000
-0 0200
-0.00J0
-0, 0000
~0. 0000
-0,0000
~Qs 0200
-0.0000
-0.0000
=0, 000C
~00000
~0e OO0
GCe 0000
C.000C
-0, 0000
00000
~0. 0000
0o 0000
~0.C020
0o 0COC
-0,C000
G.0000
=0, (200
3209200
04 0030¢
02 (01C

709, 0566 LBS

LAYER
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J= 40

TOTAL ENERGY INPUT (InNe—LBa)
KINETIC ENERGY (INe-LBo)
ELASTIC ENERGY (INe-LB8s1}

TIME= 0.0001204

PLASTIC WORK

(INs~LBs)

54+569
444020
84666
1. 883

Hou W

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTFD

v

0.38190
1.1430
1. 8903
206262
30 3421
4+0327
40 6925
5.3160
569002
664389
609286
7+ 3655
To 71464
800682
8. 3286
8+5255
8+ 6575
8. 7236
8,7231
. 6562
865233
843254
300640
T+ 7407
703582
6.9217
604392
5« 9150
53387
4. 7088
4. 0386
343435
2, 6271
1. 8913
1.1409
O« 3815
-0.3801
-1.1392
~1.8896
~20 6256
~3.3416
-4, 0322
~446920
-5, 31¢2
-5 8998
~6e 4386
-6e 5283
~Ts3653
=7 7463
~B8,0683
~8+3288
-84 5260
~ 8. 6583
—-8.7247
-8 7247
-8.6583
-8, 5260
-8,3288
-8a.0682
~T» 7463
~-7+3653
~629284
-6-4386
~568999
~5s 31€3
~406922
~400324
~363420
-2 6261
=-1.8902
-1, 1399
~0+3809

W

-8+ 7247
-8, 6583
-8,5259
-8.3287
-8, 0681
=TaT7461
-7.3651
~6.9280
~6e4381
~5. 8993
-5.3155
~40 6912
-4.0312
=3.3405
-20 6244
-1.8883
~1.1377
~0.3785
0e3836
la1428
leB8932
246293
3.3452
4,0355
4e 6948
Se 3197
529€99
604635
609624
723915
7e 7543
800669
803266
865249
846577
847243
BeT7245
8.6582
8:5260
8.3288
8,0683
To 7463
T«3654
6o G284
604387
59000
53163
426922
4e0324
303420
26260
1.8901
1.1399
0.3809
~0. 3810
-1.1399
~1.£8902
~2: 6261
~343420
~4 0325
~406922
=5,3163
~5.8999
-6.4386
~6e 92 34
~1:3653
~-TeT7463
-8, 0682
~8,3288
-8,5260
-8,6583
-8 7247

N

593
8269
105, 7
130.4
159. 8
193.1
22606
25405
27462
29665
33251
368,5
4000
44006
48667
541le 6
608.7
672.8
73645
788s1
847, 2
91i.5
98503
1087.0
1178,.3
130548
1402.9
14737
1265.3
92449
768.2
671.3
627.2
563.,7
4964C
442.0
38448
347.5
317,.3
291.7
25763
22403
198, 6
162.7
131.7
11843
106.9
B86s8
61.8
4202
3262
23.0
8o 7
544
=157
=23,0
=260l
=227
~14,9
=15
~269
-0.8
=02
=0.0
-0s0
0.0
a2
Gad
247
8,50
18.9
3607

M STRAIN
(1IN

-0s0  0.0300

-Je 0 340000

-0.1 0.0000

-0s1 0.0001

-Usi 0De0001
-Js1 0.0001

-0s1 00001
-0si 040001
~0el 32,0201
=02 0.0001
~0e2 020201
~0e2 0,02002
~%e2 00302
~0e3 060002
-0s3 0.0002

~0e & 00002
~J0s4 0.0003

-0s5 Q0.0003
~0e5 (40003
-0s5 0.0003
~0e5 0.0004
=10 040004
~3e4 040004

-2e7 000004
185 0,0008
6Te6  0o0I17
840 000021
-6943 ~0.0006
~163e 4 —0s0023
-83+46 ~0.,0010
787 0.,0017
7202 0.0015
158 00005
~4e T Qe00062

-2¢5 0.0002
-0s2 06,0002
~0s1l 066302
~0e2 2.0001
-J0e2 040001
-0e1 J.0001
-0el 060001
~0el 000001
-Js1 0.,0201
~0sl 00001
-0sl 040001
=00 00000
~0s0 00000
=00 0. 0000
=3+0 0.,0000
-0e0 2,0000
~0e0 Je000V
-0s0 0406000

0s0 060000
0.0 -0.0000
0e 3 -0.0000
00 ~3J3,2000
Va0 ~3J.0000
060 =06 0000

Ced -0.0000
0e0 =J60G000
0s 0 —-0.C300
Qa0 ~0,0000
CeC -0.0000

060 -0,C300
~Jel =0.0000
-Ue 0 —~0s 0300
~Ge0 —000200
=00 00000
-0 0 Js0000
-3.0  J.07200
=00  0.0000
-0a0 Je0000

STRAIN
{3um)
G,000C
00300
Us 0000
0.0001
Ga0001
00001
0.,00C1
G» G001
0,0001
0.0001
0, 06001
060002
¢e000C2
0,0002
0.,0002
040002
0.0003
040303
0.0003
0«0004
0.C004
G,0004
0.0005
0, 0035
0.0002
-0.0G006
~0e (008
0.0018
0.C034
0.,0018
~0.0010
-0, CO10
-0.0000
0,0003
00003
0.0002
00002
000002
00001
0.0001
Ce 0001
0.0001
0.G001
0.0001
Ge0G01
0.0001
0a0000
0. 0200
0.,0000
060000
0, 0000
Ue0000
0., 0000
~0,0000
-0.0000
-0.0000
=0.0000
~0,0000
-0 0000
=-Ge0000
-0s 0000
~(0000
~0.C000
-0, 0000
00000
0. 0000
0-0000
0.0000
0. 0000
0+0009
0.0000
0. 0000

80667742 LBS

LAYER
1
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J= 50 TIME= G.0001505

TOTAL ENERGY INPUT (INs-LBs) = 1026331
KINETIC ENERGY (INe.-LBes) = 80555
ELASTIC ENERGY (IN.~LBRe.}) = 19. 093
PLASTIC WORK {INc=LBs) = 20683

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v W N M STRAIN
(IN)

003814 =—8e7245 233,.6 -0s1 0.0301

1e1404 ~-8.6530 245.9 =01 200001

la 8908 ~B805256 266438 —~Js2 Je00C01

206267 =~8.3282 296.2 ~0s2 0,0001
303427 -8.0675 320.8 -0s2 0,0001
400332 ~T.7453 343.2 =0s2 060001
406930 -T.3641 376.9 -Ge2 J,0002
53170 —6.9269 41667 -0s3 0.0C02
529006 =—6.4369 461s 4 -0e3 J,0002
604392 -5.8978 5124 ~0e4% 0s0002
609288 -5.3138 554,11 ~0e4 00,0002
73655 -4,6893 58843 -0s4 0.0002
T 7461 —4,0291 620.4 -0a5 0.00203
8,0677 ~-3.3382 6560 2 ~0a5 040003
8+3278 =2.6219 705, 9 -0s6 040003
8s 5244 -1.8856 76201 —0eb6 QeLJ03
806560 ~101349 833.9 =0, 7 0.0004
8,7215 ~0.3756 899,7 -0.8 0,0004
Be 72C6 0e 3866 9672 ~0+9 Ge0004%
846530 le1458 104441 -0.8 0.0004
805165 1,8963 112640 ~0s8 0,0005
803210 246322 1235.2 =3,2 0.0005
80586 303479 1303.8 ~8e4 0.0004
T.7339 440376 1406.4 ~lel 0.0006

7.3501 4o 6964 1513.0 4648 0.0015
609155 53227 163648 12642 00,0029
604407 59193 1769.9 103,3 (.,0026
5492517 624816 178841 -11044 -G.0011
5+3540 649860 152563 ~25102 -0,0037
4e 7216 To4ll4 1130.9 —-144.2 -0.0020
4e 0455 Ta 7634 971, 8 8B.9 040020
343460 Ba0659 898.4 131.7 040027
206284 8, 3227 839,5 49.4 0,001z

1.8929 Bs5222 759 5 4.9 30,0002
la 1426 846562 72046 ~8s7 0,0002
0, 3835 827232 670 7 -1.6 0.0003
-0e3785 867236 63662 Qel 0.0003
-1.1377 826575 592.2 ~0es2 0.0003
-1l.8882 865255 541,0 =Je4 0,0C02

~2: 6244 8.3286 51503 ~0es3 0Q.0202
-3634C5 8. 0682 48l.0 =0s3 0.0002
~4.0312 Te 74064 441le 9 =02 0.0002

—%466912 703655 395,3 =-0.2 0.0002
~5.3155 ~ 669286 3491 =02 0.0001
-5,8992 6+4389 309.9 =0s2 0,0001
~be 4381 5¢ 9002 28249 ~0el 0,00Cl
~6.9279 523166 267, 7 =0esl T.0001
~743650 406925 243,01 =01 000001
~To 7461 40 0327 21649 -0s1 08,0001
-8,0681 303422 198.0 =0s1 0,000l
~8e 32E7 206262 170.4 -0.1 0,0001
~B8e5259 1.8903 13865 =0el 0,0001
- 8+,6583 11400 119.2 -G.0 0,0001
-8,7247 0. 3810 110.5 =060 0.0000
~B8o 7247 -0.3809 99. 4 ~0e0d 0,0000
-8,6583 -1.1399 79,1 =0.0 0s2000
~865260 -1.8902 5646 ~0s0 U.000C
—8+3288 -2.6261 426 =0.0 0,0000
-800682 -3¢3420 34,6 -0,0 0432300
~Te 7463 ~443325 2440 ~0s0 0.0000
=743653 -4.6923 117 -0,0 0,06000
~609283 -5,3163 3e5 =00 0,0000
-6.4386 ~5.9000 2ok -0s 0  0,0000
~54 8999 —604387 10,1 =00 J3.0000C
-5:3163 -6.9284 28,5 -0.0 0,0000
~406922 -T7.3654 5448 -Js0 0.0000
~4o 0323 -T.7463 82.9 -0s0 0.0000
-3,3418 -8.0683 109.9 =01 0.0000
~206259 -B8.3288 137.7 ~Jol 0.00C1
~1.8899 ~-8.5260 167, 1 =Csl 0.0001
-le1396 -8,6582 195.5 =0s1 0.0201

-0:38C5 -B8o7246 21844 -0s1 0.0001
137

STRAIN
(OUT)
00001
0a (001
0.C001
0a€001
00001
C«0002
0,0002
00002
0. €002
260002
0.0002
0.0003
00003
J.00C3
0, 0003
0.0003
0.0004
0.0004
00004
00005
0, 0005
0.,0006
0,0007
0+ G006
~0+0001
-0 GO15
~G,C012
00027
0,CO50
00,0030
-0.0011
-0,0019%
-0,0005
0.0004
C,0005
0,G003
0, 0003
0,G003
0.,0002
0,(0062
G,0002
0, G002
00002
G.0002
00001
Co 0001
Ce 0001
00,0001
0,0001
00001
Ge0001
0, 0001
00,0001
0.000C
0,0000
00000
Jo0000
0,0000
0,0000
0« COUD
0,00030
040000
0, 000C
00000
0., 0000
0. 0000
G.0000
0, 0000
00001
3, 0001
00001
Ge0001

879,2175 LBS

LAYER
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
12

J= 54

TOTAL ENERGY INPUT (INa.~LB.)
KINETIC ENERGY {(IN.—LB.}
ELASTIC ENERGY (IN.-LBo)

TIME= 0,0001625

PLASTIC WORK

{INo~LB.)

124644

97.534

24+ 106

3,004

THE NCMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0s 3817
121407
1,8911
206270
3,3430
44 0335
4e 6933
53173
5. 9CC8
604393
609287
703654
Te7459
8, 0673
843272
845236
8+ 6550
8,7203
87190
8.6512
8:5174
8e 31E5
840556
7. 7300
Te3458
669126
604418
59305
53610
407275
420492
343475
26291
l. 89346
la1435
00 3844
-0s.3776
-1.1368
~1.8874
~2¢ 6236
-3.3398
=4, 0305
~492 6906
~503149
-5. 8988
-6,4377
-6+ 9276
~T7e3648
=T.7458
~B8.0679
—8. 3286
~8,5258
-8, 6582
-8, 7246
-8, 7247
-8, 6583
-8.5260
‘8: 3288
-8.0682
~7.7463
-T7.3653
~6e 9283
-6, 4386
~-5,8998
-5, 3162
~4¢ 6920
~420322
-3:3416
=246256
-1.8897
~1.,1393
-0,3802

W

—-Ee 7243
~-Be 6578
—-8,3253
-8. 3279
-863670
~Te 7448
-7.3635
~609261
~6e 4360
~5.3G669
~5.3128
~4e 6882
~440279
-343369
=20€6205
~1l.8841
~1l.1334
~-0e3740
0.3883
le 1474
1, 8978
226337
343493
4e 0386
4e6971
503245
50 3243
604899
609969
124206
Te7684
8, 0659
843205
8. 5204
8.¢552
807225
8. 7230
8:6570
8+5252
Ee 3283
80681
Te 7463
723655
609287
664390
5:9004
53168
40 6927
440329
303424
206264
1.8905
1, 1401
03811
-0.3808
-1.1398
-1.8901
~206260
~3.3420
-4,0325
~4.6923
-503164
=50 5000
~6.4387
-be 9284
~ 723654
~Te 7463
-8, 0683
~-8,3288
-8:5259
-8,6582
-8,7245

N

273.8
29640
3147
344.2
38ls.1
42001
46400
49924
52443
549, 6
57769
619, 3
669.0
727.1
785. 8
83742
90309
97245
1059.2
112442
1190.8
128845
136346
1482.2
1590.4
17367
1850.1
18692
15672
117367
1009.1
949+ 5
909.9
82704
767.1
709.1
6638
63563
59461
571.6
52855
490e2
46701
44065
40800
366a4
325.6
2877
26406
252.0
2295
207.5
191e2
16544
135.4
11649
10967
102.4

88e 4

T6ob

78,7

9l.1
1017
10749
114.8
12604
1437
165.7
1880 4
207.2
223606
245, 8

M

~0e2
=02
=002
~0a2
-Ue3
~0a3
~0s3
~Jed
-0s 4
~Qe &
~0e5
=0e5
-0.6
~0a7
-0s7
~048
-0.9
—1.0
~lel
-0s 8
-1.0
“5e0
~11.1
1e7
6541
151s1
102, 0
=121e9 ~
-291,9 -
=164 6 -
83,3
155. 6
70e2
=240
~12.5
~3,1
0.3
-0e2
~“~Oe4
~0e4
~0a.3
~0e3
~0a3
~Ge3
~0e2
-0e2
~0e2
-0.1
~Cel
-Jo1
~0sl
-0,1
=01
-0el
~0el
-0 0
~0e0
~0e 0
-0e0
-0.0
-0 0
0.0
-0s 0
-0.0
~0al
-0l
~0s1
-0el
=0s 1
-0s1
-0nl
-0s1
138

STRAIN
(IN}
00001
0. 0001
0.0001
0,0001
0. 6202
00002
0e€A02
00002
0.G002
0. 0002
De09C2
020003
0.0003
040003
00003
00004
0e 0004
0« 0004
J.00C4
0. 0005
J. 0005
060005
0.0004
0. 0007
0. 0018
00034
0s 026
0.0013
0. 0044
0.0023
00019
0.0331
JeQ016
040003
0. 0001
00003
00003
Q0003
0.0003
0.0002
0 0002
0.0002
0.0002
0.0002
00002
00002
00001
0. 0001
0. 0001
0.0001
0. 0001
06,0001
00001
0. 0001
00001
0o 03CO
Q.0200
0. 0000
0. 0000
0.0000
0. 0000
0.0000
0+ 0000
00 0000
060000
Qe 0001
06C201
0,0001
0. 0001
0,00C1
00001
0,0001

STRAIN
(3JUT)
0.0001
0aC091
0.0001
00002
0, 002
00002
0,0002
0.0002
040002
00002
0.0003
0, 0003
0.0003
0.0003
020004
0.0004
0.0004
GCe 0004
0.0005
G.0005
0.0005
G« 00026
0.0008
Q.0006
-0 0004
~0.0018
-0.0010
0. 0029
040057
0,0033
-0,0010
-0.0023
~-040008
0.0004
000005
0.0004
0.0003
0. 0003
0.0003
0.0003
0.0002
0.0002
0. 0002
0.0002
0.0002
0.0002
060001
0.0001
0. 0001
0.,0001
0+ 0001
0,0001
0.0001
000001
00001
Ge 0CO1
0.00C9
00300
0. COCO
0.0000
0.000¢C
06,0000
0.0000C
0. 00200
05,0001
G.0001
00001
0,0001
0,00901
0.0001
G«0001
0. 0001

89247335 LBS

LAYER
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J= 60

TOTAL ENERGY INPUT (INe-LBe}
KINETIC ENERGY (INeo-LBo)
ELASTIC ENERGY {IN.-LB.1}

TIME= 0.0001806

PLASTIC WORK

{INe~LB,)

g

161 471
125,898
30. 536
5036

THE NOMINAL FORCE AMPLITUUE DURING THIS CYCLE IS

THE FGORCE DISTRIBUTIUN DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0.3823
1o1413
1. 8917
246276
34 3436
4e 0340
426937
503176
59010
604354
6e 3286
7.3651
17453
83,0665
863260
8e 5221
8,6530
807178
8.7161
8.6478
8.5134
8,3139
800499
T.7228
703380
be 9082
60 4439
509381
563721
427368
40 0555
3,3503
266303
le 8949
l.1451
D« 3861
-0e3760
-le1352
-1, 8859
-2:6221
-3.3384
- 4,0262
~4¢6894
~50.3138
-508978
~604368
— 609268
~T7.3641
~T27453
-8, 0675
~8+ 3282
-8 5256
~8.6580
~BeT245
—8. 7246
~8. 6582
~8s 52€0
~8,3288
-8.,0682
-T2 1462
-T7e3653
-6,9282
- 604384
~548996
~5.3159
-4,6917
~4.0318
~3s3412
~246251
~1.8891
-l.1387
-0,3797

W

~86 7239
~Be6572
~8e 5246
-8.3271
~B8s 0661
-7+ 7437
~Ts3622
~6e 9247
-6s4344
-5, 8951
-5.31C8
~4a26861
~46 0256
-363345
~2:6179
~-1. 8814
~161306
~0.3712
0s3911
1.1502
1. 9006
26363
303515
40 0401
456982
503280
5.9328
605034
T.0144
T+4357
1. 7774
8,0666
863165
8e 5167
86530
Be 7211
8,7217
8.6560
8e 5244
83277
840676
Ts T461
T3654
60 9287
644392
59026
5. 3170
46 6930
440332
3. 3427
246268
18508
1.1405
0.3815
-0. 3805
-1.1395
-1.8899
~266259
-3e3419
-4, 0324
~426923
-53164
-5,9001
-6+4388
-609285
-~ 73655
~Te T464
-8, 0683
-8,3287
~8.5258
~8. 6579
~8,7241

N

32462
36l1l.2
3999
42445
44042
45947
48462
5207
56302
60743
648, 8
687.5
74201
79865
85506
897. 6
9482
102560
10796
1169.9
1247. 5
1335.8
142944
1518. 7
1617.1
1708,3
187406
1355,9
1566€.2
115465
984, 7
935.2
896,1
857, 1
808.8
74640
T16.8
66969
6372
588, 7
55145
5284 0
49804
48603
46001
42862
407.0
391.3
371.9
34261
30900
27264
24643
239.9
233.5
227.8
233.7
237+ 4
229.9
22306
23162
24865
259 8
25749
251.1
247, 4
24846
255, 6
26302
26408
27190
29269

M

=02
"003
=0e3
~Ca3
~Gak
=04
~0e4
~0e5
'0.5
~0e6
-3, 7
~0a7
-0.8
=09
-1.0
=lel
~1e2
~1la3
-1.3
-0.8
-1.8
-9%.0
=15,6
1045
100.6
182.,6
950 9
-138,61
-326.3
~193.5
6747
16548
108,9
8a7
-18,9
=7.2
Ue 3
Ge2
-0e5
-0s 6
=065
-0s &
-0e4
=03
-0.3
~0e3
=0.3
-2
-0.2
~0.2
~0e2
-0el
~0.1
-0el
=0.1
-0s 1
=0.1
=Jel
~Q0el
-0.1
=0el
-0sl
-0el
-0s1
-0.1
~0.1
~0al
=Jel
-0s2
=0e2
-0e2
=062

STRAIN STRAIN
(IN) {ouT)
00001 060001
0.0002 0.C002
20002 C.0002
0,0002 (C.0002
00002 (.0002
0s 0002 06,0002
060002 0.0002
20002 0,0002
00002 0,0003
0.0003 0.0003
0. 0003 0,0003
V. 0G003 Ge0003
0,0003 0.0003
320003 0.0004
00004 00,0004
20204 G.0004
042004 00004
00004 G.0005
00004 0.0005
00005 0,0005
3.0305 (.0006
00004 0,0007
020004 0.0009
0. 0008 0,0005
0. 0024 -0.001C
00039 -0.G024
000025 =0.C008
~0,0016 0.0032
-0s0053 0,0070
-0,0028 0.0038
0.0016 -0.0007
0+ 0336 ~0,0028
0.0023 -0.0015
Je 0205 0.0002
2.0000 0,0007
040002 040004
0, 0303 0G.,0003
30003 060003
060003 06,0003
00002 0.0003
0.0002 0.,0002
00702 0.0002
000002 0.0002
020002 0,6002
0.0002 G.C002
00002 G,0002
0002 10,0002
0.0002 0,0002
0.0002 0,0002
0,000l (.0002
0o 0001 Cs 0001
00001 0,0001
0. 0001 0.CO001
0.0001 0,0001
0.0001 0.0001
0,0001 0.0001
00001 00001
0.0001 0.000C1
00001 00001
0.0001 0.0001
00001 0.0001
0,0001 00,0001
0,0001 G.0001
0.0001 0.0001
0e000L U.0001
0. 0001 0.0001
020001 Ga.0001
0.0001 0.0001
00001 0.C001
00001 0.0001
00001 0.6001
3. 0301 0.0001

139

9129536 LBS

LAYER
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37
34
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

55
56
57
56
59
60
61
62
63
64
65
66
67
68
69
70
71
72

J= 70

TOTAL ENERGY INPUT (IN.-LB,)
KINETIC ENERGY (INe-LBo)
ELASTIC ENERGY {INs—LBo)

TIME= 0.0002107

PLASTIC WORK

(INs=-LBo)

Woionoa

229+ 938
1800652
414553

7-733

THE NGMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0.3836
1lo1427
1.8930
26289
3.3447
4,0350
b4a 6945
5.3181
509012
6.4393
64,9281
Te 3641
7. 7438
85,0643
8,3232
8.5184
846485
8, 7124
8. 7096
8s 6402
805049
843040
8, 0373
1. 7069
T7.3230
6,9017
604479
5e 3499
543900
40 7553
40 0655
3.3575
206334
1.8974
101481
003893
-063728
-1l.1319
~1.8826
-206189
~3.3354
—4,0264
~40 6867
-503113
-5, 8955
~604347
—6.9249
~Ta 3624
-7.7438
~B,0661
-8+3271
-Be5246
- 80 6572
*8:7238
~80 7240
-8,6577
~Be 5255
~8.3284
-8.,0678
-1.7458
=7:3648
=609277
~604379
-5, 8990
-5.3152
~4¢ 6909
-4,03C9
-3s 3402
-2 6241
-1.8880
-1.1375
~0,3784

W

~-8.7227
-6:6557
~B8e5228
-8+3250
~8.0637
~T«7410
-T.3592
~6.9213
-604307
-5.8910
~503064
~456814
-4.0206
-3.3292
=20 6124
~1.8757
~1.1247
~0e 3653
0s3969
1.1560
1. 9C60
2.6413
33552
440422
407008
563361
509488
6e 5262
Te0442
Ta4664
Te 7994
800717
8.3 095
865076
86473
8o 7177
Be7182
8.6535
865223
8s3261
8s G664
727452
7123649
609284
604392
5.9C08
50,3174
426935
4,0338
323434
246275
1.8915
lel4l2
0.3821
-0.3800
-1l.1391
~1.8895
~2.6256
~3s 3416
~400322
~406921
-5s3162
-5.8999
-6.4386
-6.9283
=7.3653
~7a T461
-8,36T9
-8,3282
-805252
~8:6571
-8,7231

N

412602
4320 4
44546
4554
46753
489,6
510a4
52266
541s6
5749
624,8
6610
7C8e 5
T62.6
795, 4%
850,3
87462
909 5
972.3
105661
1065, 0
963, 2
973. 1
113503
1376.9
1497 4
1621.6
17058
175247
155149
1266, 1
116642
1048, 5
1027.9
954,2
727 0
550,3
50304
5040 4
48766
502+ 9
492,3
4779
455.1
435, 7
4280 4
405, 2
397.9
396, 9
4010
418, 2
428.1
4276
429, G
44243
45243
4470
431.0
403, 8
38440
38846
392,3
386a7
394, 4
412- 6
418.4
4134 4
409, 8
40547
402, 1
399,9
399, 4

M

~Je 4
=0.4
-0s5
=065
~0:6
~0eb
=07
=0e 7
-0, 8
=09
-1.0
~lel
-1l.2
~1e3
~1.5
-1l.6
~1.8
~2+0
~1e3
~0eb
~54 6
~2GeQ
~20s6
4505
17003
2040 7
T4e9
=146.2
-356,6
=275.8
3.2
2270
190.,5
49 5
-25.8
~20.9
-2e2
1.6
=003
~0,9
~008
-0e6
-0.6
~0s5
=0.5
-0e5
=0e 4
=0a4
~0e 4
-0.3
~0a3
-063
~0e3
~0a3
-0.3
=0s3
~Q0e3
=062
~0e2
=02
-0e2
=02
-0s2
=0e2
~003
-0s3
-0e3
-0s3
~0s3
~0e 3
-Ue3
~Qo 4

STRAIN
(IN)
00002
00002
000202
00002
0, 0002
06,0002
0,0302
0.0002
0.,0002
0. 0002
00203
00003
000003
0.0003
0,0003
00003
0.0003
00 0004
0. 0004
00004
0, 0004
00001
0.0001
0.0013
0.0035
0. 0042
0,0020
~0.0018
-0,0061
~0.0041
0.CO06
00 0044
00037
0, 0013
~0.0000
~0.0300
0. 0002
0.0002
0. 0002
0.0002
0., 0002
0, 0002
0. 002
00002
0. 0002
0. 0002
020002
0.2002
0, 0002
0 C002
00 0002
0.0002
0.0002
0.0002
00002
0,0002
0. 0002
G.0002
020002
0. 0002
0.0002
0. 0002
00002
0e 0002
0. 0002
00002
0.,0002
0.0002
00002
0sC002
0.0002
00002

140

STRAIN
(ouT)
0.0002
0.0002
0. 0002
020002
00002
Gs 0002
0.,0002
0. 0002
C,0002
0.0003
0.,0003
0.0003
00003
00004
0.0004
0 CO0O4
6.0004
0.0C04
0. 0004
0+0005
0. 0006
0.0008
0.0008
-0, 0003
-0.,0023
-0.0029
-0.0006
000033
0aC084
00054
0, 0005
00,0034
-0.0028
-0.0004
0.0009
0.0007
0. 0003
000002
000002
G.0002
0.0002
0s 0002
0. 0002
G, 0002
G.0002
Q0. 0002
0.0002
0.0002
0. 0002
0.0002
00002
Ue G002
0.0002
0,0002
000002
0.,0002
0. 0002
040002
Ce0002
0. 0002
G,0002
0. 0002
0.0002
0.,0002
06 0002
040002
0,0002
0+ 0002
0.,0002
0. 0002
G,0002
0.0002

953.,4971 LBS

LAYER



O W~ W

J= &80

TOTAL ENERGY INPUT (IN.-LB,)
KINETIC ENERGY (INe-LBe)
ELASTIC ENERGY (INe-LB,)

TIME= 0,00024C8

PLASTIC WORK

{INs=LBo)

W

3120430
247,732
52. 375
12,329

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE OISTRIBUTIUON DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0. 3851
lel44l
1, 8944
206301
3¢3458
4, 0355
496952
53185
50 901 2
60,4388
6, 5271
T.3625
ToT415
8, 0612
803192
8.,5135
8. 6426
8§,7C53
8o 7014
8.6309
8. 4945
82912
8,0201
7. 6867
T.3073
6e 8561
624506
50 9580
504049
4e 1165
40 0879
3.36E3
24,6385
1.9008
1. 1522
0.3938
~0.3683
~1e1275
~1. 8783
~2+6148
-343315
—4,0227
~406833
-5.3081
~5.8925
—6e4319
-6609223
-7.3600
~TaT416
~8,0642
~8.3253
~805230
~ 86 6557
-8,7224
-8.7227
-806566
~8¢5244
~86 3274
-8,0668
~Te 7448
~T7-3638
~6e9267
-6.4368
=5.8979
=563141
— 426857
~4,0297
-3.,3389
~226227
-1.8866
=1.1360
~0.3769

W

~8e 7207
-8.€534
~8e 5202
-803221
~8.0604
-7+ 7373
-7+3551
~64.9169
-6s4258
-5.8858
-5.3008
—4e 6754
-4e0143
-3.3226
~266057
-1. 8689
-1.1179
-0.3585
0. 4036
11625
15123
206468
303592
4. 0447
407058
503477
523664
645483
7. 0735
T+5055
Te8324
8, £839
803037
Ba4952
8, 6377
847125
8. 7154
846502
£.5194
843238
800646
Te 7438
-~ 123639
6,9277
664387
5.9026
53174
466937
4a0341
3. 3438
2:6279
1.8921
1.1417
03827
=0e3793
-1l.1384
-1.8888
=20 6249
~3s3410
~4¢ G316
~4o6915
-5+3156
-508993
-6.4380
-6:9276
~Te 3645
~TeT452
-8. 0669
-8,3271
~8.5238
~8s 6556
-8.7214

N

429 0
419,2
418,5
42869
44367
458, 7
46906
45904
46260
457.6
4540 4
490, 7
470.2
371.3
263, 8
328.9
513e4
625.1
684+ 8
7544 4
87543
947.1
1069.1
115662
125102
1381.8
14645
155068
16111
1401. 8
1079.9
906,63
9174
849,.5
709 2
7C9.6
66361
67351
66846
59265
614e3
6714
587, 3
405,7
323.,9
30861
325.6
359, 1
379.6
391, 3
3777
3764
385.6
382e4
377.1
371.9
3794
400s 9
420,3
42369
412U
40009
4004, 4
41060
4215
421. 5
439,7
40256
4C8s1
41761
429.0
437, 1

M

~0s6
~0a7
~0s7
-0 8
~0e9
=09
~1s0
-l.l
-1.2
=1.3
~le#
=15
-1.6
~1.7
-1,9
=202
~2e6
=204
=0s4
=1e3
~15.5
=360 6
-10.8
109.3
223.3
1913
500
-12305
~341,8
=355.9
-113.5
251.8
28261
123,2
~l4e6
~41e5
-13.0
248
1.3
-103
~le4
-1.1
=0.9
-0,8
-0a7
~0e7
=066
~06 6
~0e6
~0s5
~0e5
=0.5
=04
~0a4
'Gn4
-0a4
~-0s4
=04
~0e4
-0
~Us &
-0e4
~0e &4
-0a 4
=04
~Js4
-0.4
~0a5
=Ja 5
=065
=-0e 6
-0 6

STRAIN
{IN)
0.,00C2
00302
023002
0+ 09202
G.0202
0.0902
0. 0002
0.0002
Ue 0002
00002
C.a3002
0.00062
00002
00001
0.CJ01
0.0001
3.0002
0.C002
0.,0003
0. 0003
0.0001
=0, 0002
U.G003
00024
06 0044
0.0039
0. 0015
-0.0015
-0.0059
~0.0062
-0,0015
0,0047
0.0053
0.0025
0. 0001
-0.0004
0.0001
0. 0003
0,0003
0. 0002
0.0002
000003
0 0202
0.0002
00001
00001
0.GJ01
0.0001
0.,0002
0.0002
00002
00002
0,0002
020002
Ue0002
0. 0002
J.0002
360002
0, 0002
00002
0 0002
0,0302
0.00202
0. 0002
0.0002
00002
0.0002
00002
00,0002
00002
20022
00002

141

STRAIN
(QuT)
060002
00002
00302
0. 0002
06,0062
0.0002
0. 0002
0.0002
00002
0.0002
0.0002
Gs C002
0,0002
0.0002
0,0201
000002
0. 0003
0.,0003
0,0003
00003
0.0006
000010
00007
~0+0014
-0, 0033
-0.0027
-0.0002
0.0028
0,0081
0. 0081
00024
~0.0039
~0Ce €045
-0.0018
0. 0006
0.0010
0.0005
0, 6002
0.0003
0.0003
0.0003
0.6003
0. 0003
G.0002
Ve 0002
00001
0,0002
Gs 0002
0,0002
00002
0,0002
0.0002
0,0002
060002
0.0002
000002
0.0002
0.0002
0. 0002
Ge00G2
0, 0002
0,0002
0.0002
0. G002
0.0002
0s 0002
0.0002
0,0002
0.C002
06,0002
00002
000002

901.8274 LBS

LAYER
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37
38
39

J= 90

TOTAL ENERGY INPUT (IN,~-LBs)
KINETIC ENERGY (INo.~LBea)
ELASTIC ENERGY {INa.-LB,)

TIME= 0.0002709

PLASTIC wWORK

(IN.~LBs)

[T

372,417
290+, 217
572953
240248

THE NCMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0.3866
1.1455
1.8957
206313
3.3468
40,0366
406955
503184
5.9007
6,4378
6e 9256
153603
7.7386
8.0575
863146
8,5075
846357
8+, 6571
8.6919
8.6204
804822
8,2748
7.9981
7o 6641
722924
60 8904
624510
569633
5.4183
408002
4. 1065
3. 3826
206462
1. 9055
la 1568
0,3990
-0. 3631
~l.1224
~1e 8731
-2.6098
~363266
=4, 0181
—4,6789
~5.3040
-5, 8886
-604284
-6, 9191
=7.3570
-7.7388
-8,0616
—-8+3229
-8B+ 5207
- 806535
-8.7204
~ 8. 7208
-8. 6547
-8.5226
-8.3256
-8,0651
=7, 7432
-7+ 3622
-6s9251
—6s 4352
-5,8963
-5.3125
—~40, 6881
~4.0281
-3,3373
-2.6211
~1+8849
=1le1344
-0,3753

W

-8.7179
~8.6504
-8.5169
~863184
~8.0564
~T.7329
~T+3504
-6, 9118
~6+4204
~508800
~54 2946
~4.6689
~4e G074
~3a3154
-205981
~1s 8610
~-1.1098
~0e3502
0.4119
1.1706
1. 9200
246534
303635
4o 0487
4o 7141
503617
509846
6.5705
T+ 1040
75502
1. 8659
8s 1044
Be3017
84809
8.6237
807043
8, 7109
Beb6463
8,5156
Bs 3206
840622
707419
1:3625
629268
604381
529002
523172
4,6937
440342
323439
2:6282
1.8924
1le 1421
003832
~0.3787
-1.1377
-1.8881
-2.6241
~3.3401
-4+ 0307
~4e 6505
-503146
~5,8982
~6+4368
~6,9264
-7.3631
~1e7437
~ 8 0652
-8.3253
-8.,5218
-8s6534
-8,7189

N

275, 0
246.4
225. 6
2175
21645
13609
18+ 4
13.2
14009
27609
28345
293.4
36400
4220 6
45942
485.0
519, 0
529.1
618s1
66604
732.6
839, 8
942.3
1C57. 8
1042.7
1053,5
118601
1229.1
1257. 6
969, 9
583,0
860, 4
8010
56405
820, 5
Ti7.1
781l.1
37,2
55242
538.5
47905
415.5
409, 0
378.0
409 5
448,3
39942
369, 4
46401
482,0
356.0
221.1
138, 6
114.5
113.0
14066
1806.2
154. 4
2072
21845
21865
223,0
2294
225: 4
217.7
222.0
237+5
248.5
254, &
26346
27663
28748

M

~0a9
-0.9
~1:0
-lal
~lel
~l1le2
-1s3
~le4
~1ls 6
-1.8
-1.9
~2el
~2e3
=2+ 5
=267
=343
~3a7
~le8
1.3
~6e3
~35,2
=49 8
30.5
180.9
23885
164.6
4345
~85.3
=295.5
~411.3
=12549
178,90
340.9
221.5
28.0
-58.3
~36e5
-09
S5el
-0e4
~2e3
-l.6
-l 2
-1.2
-le1
-1,0
-1le0
~0.9
~0a9
-0+ 8
-0 7
-0e6
-Ueb
~0e5
~Ue5
~0e5
~Le5
~0e5
-0s5
~0e5
~0e5
=0e5
~Ue5
=065
-Ce5
=006
~0eb
-0.6
-0 7
~0.7
=08
-0.8

STRAIN
(IN)
Ce 0201
302001
000001
0,0001
020001
0. 0000
-0.0000
-0.0000
0. 0300
0.0001
0. 0001
300001
0.C001
Qe 0001
0,0002
00002
0, 0092
0.0002
0, 0003
0.0002
-0,0003
-0.0005
0.0009
Qe 0036
Ce 0046
0.0G033
0,0013
-0.0009
-0 0053
-G.0104
-C.0019
0.0234
0. 0068
0.0042
D« 0008
-0,0007
-0.0003
0.0003
00003
0. 0002
0.0002
060002
0. 0002
0.0001
0. 0002
00002
0.0002
020001
0«0302
000002
0. 0001
0.0001
000000
0, 0000
040200
0, 0G01
0.,0001
0. 0001
02,0001
0,0001
U, 0001
0.C001
0.0001
00001
0.0001
0, 0001
0.0001
0. 0001
0.0001
0.0001
0.0001
0.0001

142

STRAIN
(OuT)
0, 0001
0.0001
0,0001
0.0001
0.0001
0 0001
0,0000
0.0000
0.0001
0.0001
0,0002
0.0002
000002
0 0002
0,0002
00003
0, 0003
0.0003
0.0002
020004
0.0009
0. 0012
-0.0001
-0.0027
~00037
-0.0024
~0e 0002
0,0020
0.0071
00117
00024
-0.0027
-0.0058
-0.0034
~0.0001
0.G013
0.001C
0,0003
0.0001
C. 0002
0. 0002
0.0002
00002
0,0002
00002
0.C002
G.0002
06 0002
60002
0.0002
Ue 0002
0.0001
0.0001
0.0001
0,0001
0., 0001
0,0001
Ge0001
0, 0001
0.0001
0,0001
0. €001
0.0001
0.0001
0.0001
00001
0.,0001
0.0001
0, 0001
00001
00001
Ge 0001

883, 3069 LBS

LAYER
1
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37
38
39
40
41
42
43
44
+5

47
48
49
5G
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

67
68
69
70
71
72

J=_ 100

TOTAL ENERGY INPUT (INe-LBs)
KINETIC ENERGY (IN.-LBs)
ELASTIC ENERGY {IN.-LBs)

TIME= 0.0003010

PLASTIC WORK

(INo=LBo )

4630 041
3586 536
650212
39, 293

Wow oo

THE NCMINAL FORCE AMPLIVUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

03878
1, 1466
1.8967
26321
3.3474
4s0370
40 6957
53184
509003
6o 4369
669241
743581
77355
840535
860 3055
865015
846279
8., 6578
8.6814
8.6(89
844678
852540
79723
Te 6417
142737
608837
604488
509672
5,4321
408234
401251
33677
206560
le5112
lal6l8
024047
-0.3571
~1ls1164%
-1. 8671
~ 26037
-3s32C8
~4.0126
—4, 6737
=5,2991
~54 8841
~6e4241
~6s9151
~723532
-T7.7353
~ 80,0583
~8,3198
~8,5178
~806509
-8.7179
~ 8 7185
-8+6525
~ 8. 5205
~8+.3235
~820631
-7- 7412
-7+ 3602
~6e 9231
-6+4333
~5e 8944
-5 3106
-4, 6862
~4,0262
=32 3355
~2+6193
-1. 8832
~-1.1329
~0e3740

W

-867148
~B8e6470
-845133
-8.3144
-8,0521
-T7.7283
=7.3453
-6,9062
~bes4las
-5.,8734
-5.2876
~406614
-3, 9995
~3.3070
=205893
-1.8519
-1.1004
~Ce3408
0.4212
1.1797
1. 9286
2.6600
303681
40 0549
407251
5.3770
6.0031
6+5341
Ta 1376
7+5975
79031
8,1303
823063
Bs 4677
8, 6056
846919
847048
8.6422
8.5113
863167
86,0591
7. 7396
Te3607
6o 9254
664371

5.8996

563169
446936
400344
303444
246288
l.8931
1.1429
Ga3840
~0e3779
-1.1369
-1.8873
=226234
~3+3393
=40 02 G8
~4,68G5
~5+3135
=5. 8969
~664354
-6,9248
-7.3614
=7.7419
~80 0632
-8,3231
-865194
~8.6507
-8.7160

N

=212.2
~3661
4065
2le7
41.0
12763
16753
19463
20460
19605
215.9
26745
318. 8
359,0
46867
4960 5
46645
393.2
398. 8
52568
522+ 0
560,2
727.8
912.7
1121.6
1183.3
1180, 3
1371.4
1423.0
1081.1
85%4.2
4872
51806
532.9
419.5
44244
28663
235,.3
305.5
28504
35701
39062
308,9
411.2
41248
27346
206, 5
138. 4
100.8
101.1
7809
88.4
1634
14743
95, 9
164,7
230.0
177.1
45,8
~61e0
-106.8
~125.6
-107.4
-T407
-69.2
= 78,0
=81,0
~80.2
-92:4
=137.2
~24365
~317.2

M STRAIN
(IN)

~lel -0.0001
=102 =J.0000
=13 ~0.0000
~1ls4 -3.0200
~1le¢5 -0.0000
~le7 0.0000
~1le8 00000
-2+0 0.0000
~201 040000
~26¢3 00,0000
~2¢5 00000
-248 0.0001
-3.0 0.0001
~3.2 000001
-3+8 000001
~4,8 0.0001
4.1 0.0001
0.9 0,0002
242 00002
~2163 -0.0001
=628 -0.0009
-39.9 -0,0004
99,8 0.0020
227+8 0,0043
22505 000044
14443 040030
61ls2 00016
=37.9 ~0,0001
~276e5 ~0s 0049
=437.0 -060133
-131.1 -0.0019
101.5 0.0020
34B.6 0,0071
322.1 0.0058
109.0 0.6021
=540 -0.0007
=694 -0,0011
~17,3 -0.0002
89 00,0003
3.7 00002
-2.8 0,6001
~209 0,0001
~1e8 0,0001
-le6 000001
~le5 00002
~le4 QeCO0L
-1ls3 32,0001
~lal 0.0000
~lesl 0Q.0000
-1.0 0, 0000
=009 00000
=09 00000
=009 069001
-0.8 10,0000
-0s8 00000
~0.8 0,0001
-0+8 00,0001
=0e 7T 0.0001
=0.7 20000
=006 —0,0200
-3s6 -0.,0001
~0s6 -0,0001
=0s6 =0.0001
-0e7 ~0,0000
=0e7 —0.0000
=0s 7 -0,0000
=0.7 -0.0001
=068 =0s2001
-0+8 ~0.0001
=068 =0.0301
=09 =0,0001
-0s9 -J.07202

143

STRAIN
(auT)
-0,0001
0,0030
0. 0300
0.0000
0.0000
0, 0001
0.0001
0,0001
000001
0.0001
00001
0.C002
0.0002
0.0002
C«0003
0,0003
0o CO03
0.0002
000001
00006
G.0013
0. 0009
~00014
-0,0035
-0.0034
=0.0020
=0 0005
040012
040069
00161
0.0026
-0. 0015
-0.,0064
—-0.0053
-0.0017
0.0011
00013
CaCO04
=0.0000
00001
00002
00002
0a 0002
0.0002
0e 0002
CaC0D1
0.,0001
0. 0001
0.0001
00001
06000
0,0001
0. G001
0,0001
0.0001
0.0001
0.0001
0.0001
0 0000
~0.0000
-0, 0C00
-0,0000
=0.0000
-0, (000
-0.0000
-0, 0600
-0.000C
-G 00G0
=00 0000
~0,0000
=0e00C1
=-0,0001

853, 3430 LBS

LAYER



DB P WA

10

12
13
14
15
i6
i7
i3
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
&4
45
46
47

49
52
51
52
53
54
.55
56
57
58

60
61
62
63
64
65
66
67
68
69
740
71
72

J= 110 TIME= 0,0003311

TOTAL ENERGY INPUT {IN,-LBs) = 5500 103
KINETIC ENERGY (INo-LBs) = 421.906
ELASTIC ENERGY (INs-LBs) = T8 776
PLASTIC WJRK {INe-LBe) = 49« 421

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE 1S

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS L AST PRINTED

v W N M STRAIN STRAIN
(IN) (QUT)

0.3897 -8,7118 ~135,.1 ~la4 -320001 ~0.0000
le 1484 -8,6436 ~103.6 ~1e5 =0,0001 ~0,0000
le8733 ~8,5095 ~935,0 ~leb6 ~0,0001 -C.0000
20 6337 -8,3102 =53,5 =18 ~0,0001 0,0000
3,34388 -8,0474 Ge2 ~1s9 ~0.0000 10,0900
400381 -~T7.7231 35,9 -2o1 ~0,0000 0.0000
40 6965 -T7,3396 6907 ~203 =0,0000 00,0001
53187 -6,9000 115:4 ~2+5 0,000C 0.0001
59001 =-6.4076 101la4 ~2e7 —0,0000 0.0001
6o 4361 ~5.8661 20,7 ~209 -0,0000 0.0001
69225 ~5,2798 1262 -3a1 =0,0001 0.0001
Ta 3557 =-4.6530 53,4 -3e4 -0.,0000 0,0001
77322 -3,9907 136a2 ~3s6 -0.0000 0.0001
80491 -3.2978 131.9 ~4s0 -2,0000 0,0001
863040 -2.5798 201. 6 =53 -0,0000 0.0G002
Ba 4946 ~-1.8420 404, 5 ~5e3 0.0001 0.0003
8. 6164 -1.€903 504.4 ~2s4 040002 00,0003

866778 =~063305 590, 6 58 0,0004 0,0002
B8e6706 0e4316 5974 =306 00002 00003
805566 1.1900 621s8 ~5leb —0.0006 0(,0012
804500 19379 797.1 -82.9 ~0.0011 0.0018
8,2283 2466T1 900,.0 6+6 J.0005 0.0003
Te 9447 3. 3745 332,2 168¢0 0,02333 -0,0025
76204 400643 11810 & 23945 0a0246 -0.0036
To 2648 40,7386 12426 20349 0.0041 -0.0030
608745 563935 13183 142.0 0,0G030 -0,C019
624440 6.0226 1376.7 10248 0,0024 ~0.0012
5. 57C8 626204 1455, 0 ~-9¢3 00005 0.0008
504462 Ta1740 1449,4 -290e4 -0.0051 0,0071
4o B449 Te 6443 112249 -43848 ~0.0143 040181
491471 7. 9509 814:9 -294. 7 -0.0047 0.0054
3.4137 8s1584 69348 1257 040025 -0.0019
20 6682 8,3175 567.3 320.9 0,0067 -0,0059
1.9191 804584 6377 35240 060C73 -0.0065
11677 8.,58506 60045 213.5 00,0039 -0.0034
0e4110 84 6749 384e7 =-12.0 -0,0000 00004
~0e3507 8,6962 31647 -99.0 -0,0016 0,0018

~le 1104 Ee 6381 25806 =5le4 -0.C008 0.,0010
~1.86C9 Bo5CT4 27.5 50 062001 -0.0001
~25974 803123 =345 121 000002 -0.0002
-3.3146 8 C553 =49, 5 -0s4 -2,0000 =-G.0000C
-4+0066 To7368 ~63.8 ~4e6 -0,00G1 0,0000
~4 6680 71,3586 32.6 =29 ~0,0000 0.,0001
~5. 2936 6. 9239 =51.7 ~le8 -0s0001 0.0000
-5.8788 6o 4361 =115.5 ~le7 ~00,0001 ~0.000C
-6e4192 508991 = -84,1 -ie7 =0,0001 -G»0000
-6.9104 5,3168 =130.7 -le® -0,0001 -0.0000
-7.3489 44,6938 ~15.6 -1le5 =0,00G0 00,0000
-7.7313 40 0349 3404 ~le4% —0.0000 GC.C2G0
-8,0546 303450 -54,2 ~1e3 -0,C000 -0, 0000
-86 3165 26 6296 14,9 =ls3 ~0.20C0 0.0000
~B8.5148 1, 8940 86,9 —1e2 3.0300 0,0001
~Bab481 1.1438 4949 ~lel -0.,0000 0.0009
-8, 7153 0.3850 -6l ~1s0 -0,0000 0,0000
-8e7160 -0.3769 =73.9 ~1a0 —0.0001 -0.0000
~866502 ~1.1358 =133,8 =09 -0,0001 -0,0000
~825184 -1.8861 —~145.1 ~0s9 ~0,0001 -0.0001

-8.3215 -2.,6220 -200.8 -0s,8 -0,0001 -0.,6001
-8, 0612 ~-3,3379 ~245.7 ~0e8 -0.0001 ~G.0001
~7s7394 -4,0284 =173, 90 -(.8 -0,0001 ~-0.0001

~7.3585 -4,6882 ~152,1 =0s8 -0.0001 -0.0001
-6,9215 =5.3121 -244s 8 ~0s8 —0,0001 -0.,0001
~6.4317 -5.8955 =-311.6 -0e8 -0.0002 -0,0001

~5.,8928 -6,4339 ~294,9 ~0s8 ~0.0001 -0.0001
-5.3090 -6€09233 -211e7 -069 -0s0001 -0.0001
~406846 —1,3598 ~117a4 -1-0 ~0,0001 -0.0009
~4s 0245 ~T7.7401 -113,3 =120 =0.0001 -C,000C
~3.3338 -8,0614 ~21650 =1le 0 =0,0001 -C.0001

-2:6176 -8,3210 ~292:4 ~1e0 =0,0001 -0.0001
-1l. 8816 -8,5172 ~252.4 =1ls1l -0,0001 -0.0001
~1lal311 -8.6483 ~162.6 -1s2 -0,0001 -0,0001
-0,3721 -8,7133 ~140e4 =1+3 =0,0001 -0.0000
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T67. 5442 LBS

LAYER



OOy Uy H W

J= 120

TOTAL ENERGY INPUT (INe-LBo)
KINETIC ENERGY (INo~LBo)
ELASTIC ENERGY (INo-LBe)

TIME= 0.G003612

PLASTIC WORK

(INo~LB.o )

LU TR}

629 920
477+385
90.689
6le846

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

Q0 3920
1.15C7
1,9005
2, €357
3.3505
44,0396
4e 6975
543193
5. 90C2
604355
609213
7. 3536
T.7290
8.C448
8.2982
844871
8, 61C0
86674
8,6596
805821
864271
8,1587
T.9172
725997
T+2494
668625
664381
506753
504597
4e £659
4.1688
3.4314
206821
1. 9253
11758
Je 41 €8
-0.3426
~1.1029
-1.8539
=26 5302
=3.3075
-4.0001
~426613
-5.2880
-5,8736
-be4l43
-5 9059
~T7.3448
~7. 7274
-8,0510
~8e 3131
-8 5117
- Be 6452
-BeT127
-8e7137
~Beb481
~8e5166
-843199
-8, 0597
-T.738C
-7.3572
-609202
~604303
~-50 8914
-5:3015
-4,6831
~400230
-363321
-2 6158
-1.8756
-1.1290
~0s3699

W

-8.7089
~Ba 6403
-8s5057
~8.3059
-B.0426
=TaT177
-7 3337
—648935
-644C04
~5.8583
-5,2713
—4,6438
-3.9808
—-3,2673
~2+5687
~148304
-1, 0784
-0,3185
Ce4436

1.2017

19479

2. 6751
3.3834
420764
407534
504103
6, 0436
6s 6494
7.2114
7,6518
8.0001
8.1928
843327
€. 4531
845671
£e6535
846835
8. 6335
845C47
8,3C86
840517
7.7341
Ta3567
649225
6.4352
5, 8985
5.3166
446939
440353
3,3457
206304
1.8950
1.1451
0.3864
-C.3753
-1,1342
-1,8844
-2,6204
-3.3364
-4,0270
~4,6868
~503109
-5.8943
~6,4328
-6,9221
-7.3585
-7,7388
-841599
~8.3194
-8.5153
~Bab6461
-8,7108

N

188.3
3009
-147.0
-210.8
-194.5
=175.9
-140.4
=34s3
16663
21868
22101
25662
30302
45108
4682
49562
631.5
6614 5
68608
757. 8
791.3
340.1
1C71. 8
1195a.0
1245.1
12572
134105
14440 5
143244
112267
682,7
579 5
53249
6940 6
54304
434,1
371.7
335, 9
38445
276,8
249, 7
24944
4804
47. 5
4648
~12045
~177,3
~27769
~328.8
-23003
-305, 8
-34441
~355,9
-462.8
—425. 4
~405. 8
~443.7
-287.0
~34,0
2409
~45,9
-89, 3
-90,7
~6606
~12660
-194.7
~124e3
=45,6
~2T44%
-14.8
57,0
185,8

M

~1.8
'109
-220
=261
-2 3
-2e5
=267
-360
~343
~3e6
~3.9
~462
ol
~565
~Ta7
~6e7
365
9. 6
-25.,5
~90.3
~7068
T7.0
2074 8
22749
18840
1684
146.9
~16a2
-28846
~441e4
-358.4
9440
310,3
36508
294,46
T406
-102.6
~98s 7
~17,0
19.9
7.6
~5e5
=5.3
~206
~2e0
~2e1
-260
-1l.8
~le7
—1le6
-la4
=103
~1l.2
-l1le2
~l.1
-1le1
~le0
-lel
~1.2
~lal
~la1l
=la1
-1l.1
-1l.1
-1l.1
~1le2
~1.2
=1.3
~le&
-1l.5
~le6
-1l.7

STRAIN
(1)
03000
=26 0200
-0.0001
-0,0001
-J.0001
~00001
-0,0001
~0.0001
J« 0000
0. 0000
20,0000
0. 0000
2. 0301
00001
Ge G001
00301
0.0203
0a 0005
-0.0001
~0.0312
~00009
00017
0e 0040
Ge 3344
0.0038
0. 0034
0.0031
3+ 0203
~0s 0051
~0e0153
~0.0069
0.C019
0.0065
00083
0.C053
0.0015
-0.0016
-0+0016
-0 0001
00005
0. 0302
00209
-0.3001
-0.0000
-0,00C0
-0.0001
~0.0001
-0 0202
-0.0002
=0.0001
-0« 0002
~0.0002
-0 0002
~00002
~-0.0002
~0,0002
~0e0202
-0.0001
~3200C0
-0.0000
~0.0060
-0s0001
~0.0001
-0,0001
~0.0001
-0.0001
-0+0001
-0s02C0
~0s0000
~0,0000
-0 GI00
0,9000

145

STRAIN
{ouT)
Ge0001
Ce 0000
-0,000C
=G.0C01
-Us 0000
~00000
-0.000C
Ge 0000
G.0001
0. 0002
0,0002
0.0002
0. 0002
00003
0. 0003
0.0003
G.0002
Q0. 0001
0.0007
040019
0. 0016
-0.0009
~0e 0031
-0.0034
-0.0027
~0. 0024
-0.,0020
00009
0s COT71
00200
0.0078
-00 0014
-0.0058
00074
-0a 0048
-0+0011
0,0019
0.,0018
000005
-0.0002
-0.0000
0. 0002
00001
0.0001
00001
-0.0000
-0.0000
-0.0001
-0,0001
=(+0001
-0 0001
-00001
~0.0001
-0.0002
~040002
-0, 0002
-0+0002
~0s €001
Ue0000
3. G300
-00000
-0+ G000
=00 0000
-G.0000
~0s00C0
-(,0001
=0.0000
-0,0000
00000
. 0000
00000
0.00C1

671.3223 LRS

LAYER



OOV WD

J=_ 130

TOTAL ENERGY INPUT (INe-LB.)
KINETIC ENERGY {(IN,-LBs)
ELASTIC ENERGY (INo—LB,)

TIME= 000603913

PLASTIC W3RK

{IN.~LBs )}

LU T )

6964557
523,094
99, 823
736 640

THE NJOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

00 3941
1,1528
1.9027
206378
3.3526
40 0414
406992
563206
56 9009
6604356
69204
743516
7.7259
8+ 0402
8. 2919
8,4737
86 5599
8.£569
846478
85634
8, 3987
801673
7.8905
1s5786
7. 2315
6.8484
604328
53798
54724
4, 8863
401890
3,4500
24 6970
1,9412
1,1858
0,4279
-063333
-1leC943
~le8461
-2+5823
=3, 2963
-3.,9922
~4» 6548
-5.2815
-5+ 8676
~6e 4088
-6.9010
~T7.3404
-7.7236
~860476
-803102
-8, 5061
~Bs 6430
~8.71C8
-8.7119
~Bs 6465
-805150
~-B8e3184
-B8o0583
~TeT736€
-7.3558
-6,9188
—6as 4289
-5,8899
-5 3059
—4,6814
-400212
~-303302
-2.6138
-1, 8775
-1l.1266
-0.3678

W

-8, 7061
- 806371
-8.502C
~863016
-840377
-7.7121
- 123273
~628862
-6s3923
-5,8493
~5,2615
~4s €332
-3e9695
-3.2754
-2.5561
-1.8173
~1, 0650
~0+3051
Gs4569
1. 2143
1.3584
2. 6846
3.3947
40902
4o 7688
504278
6o 26638
6e 6799
Te2493
727394
8,0470
802335
8. 3522
8,4510
805516
8+6303
846653
8, 6263
845027
8,3261
8. 0482
Te7314
7+3553
609220
604352
583989
53174
406950
40 0365
303471
206319
1.8964
la1464
C. 3876
~0s3742
-1.1332
-l. 8836
-226196
-3,3356
~4e 0262
-4,6859
~543100
~5¢ 8934
~6:4319
-669211
-7.3575
-7, 7376
-8.(585
-8,3178
~8.5135
—8.6440
-8,7084

N

89,4
187.,9
24442
23405
25842
31405
450, 8
56%a1
548, 8
57608
433.4
345.1
380,3
391.6
469, 5
553,1
577 4
6084 8
601e4
69600
796.8
86501
9586 4

1020.,0
1044, 4
1)98.9
1191,.,0
122402
123409
307.3
57241
376.4
5844 5
501.8
51246
455.6
39649
369,7
258+ 3
270,06
353, 5
251.8
181.5

B8le2

77.8
161.9

86 6
~45,9

=9 6
~T4a9

775
179.3

23a7
~464 8

-131.7
~147.7
=89«
=147 .4
—-i28e2
-199.90
~-1%5. 4
~131.6

15, 7

8.7
G0

33.5
-11.8

ll.6

42,1

8.9

-2s8

31.C

M

-2e1
-2+ 3
-2+5
~2a 7
~2s9
-3.2
~305
-3.8
-40l
~4e 5
~%e8
-4 8
=544
-T7s9
~10.3
~-30
13.6
2+ 3
=6705
-113.5
-19.9
139:0
21667
20843
193.4
21545
1595
-2407
~278e6
~44907
~368+9
—21.8
3091
38143
33060
17267
=584 0
~140.7
620 4
1656
2261
-1la1
-8.8
~4e6
“2e2
=203
~2e5
-2s3
-2s1
~200
~1e9
~1e8
-ieb
-1e5
~ls4
~la4
~le4
-1.3
-1e3
=13
-ls2
-1le3
~1e3
~le4
~lo4
~ls &
-1:5
~1le6
=1l.6
~-1le7
-1.8
-2e0

STRAIN
(IN)
~3. 0000
000300
00001
20001
J, 0001
00001
0, 0001
06 0002
0,002
0 0002
0.0001
0= 00C1L
Ce 0001
00000
0, 2000
0.0002
000005
0e 0003
=0.0309
-0, 0017
00000
040028
00242
G.0040
3.0038
0, 0042
00033
0, 0001
-0s0050
~0.0167
=0.,0077
-0,0002
000065
0,0093
0.09061
0. 0032
-0,0008
-0,0023
-0.0010
0,0004
040005
0., 0061
-0,0001
-3,0000
-0 0000
0,0300
=0.0000
<0.3001
-0.0000
=06 0001
~0.00C0
0 0000
-0,0200
-0.0001
-0, 0001
-0.0001
-2.0201
=0e0001
-0,0301
-0.0001
-0s0301
-2.0001
-000300
=0e 0000
-0.00C0
-0, 00060
-0,0000
=0 G020
-0,0000
~0. 0300
~0s 0300
~0.0000

146

STRAIN
(oum)
0,0001
0. 0001
0,(001
0.0001
0.0002
0.0002
9,0003
0,0203
00003
U 0C03
0.0003
U. 0002
0. 0003
J.0003
00004
0.,00G3
00000
0, 0002
00014
000023
0. 0007
~040020
~0e0033
-0,0032
—0.0029
~0.0032
~020022
0.0010
0. 0068
CeG219
00084
0.0005
-0.0057
~0. 0086
-0.0055
-0,0028
0.0012
0.002¢
0s0012
-0.0002
-0.0002
0,0001
0.0002
000001
0,0001
00001
0, 0000
00000
0.0000
=0 0000
020001
0s COO01
0-.0000
00000
-0, 0000
-0.0002
-0, 0000
-000909
-0.0000
=2.C00C
-0,0001
~0.,0000
C,0000
0. 000C
0,0000
Ue 0000
0,0000
0.00G00
0. 0000
Ge0000
0. €000
0. C00N

55805859 LBS

LAYER



WO wW N

J= 140

TOTAL ENERGY INPUT (INe~LB,)
KINETIC ENERGY (IN.-LAs)
ELASTIC ENERGY (INe=LBe)

TIME= 0.0004214

PLASTIC WORK

(INe-LBsY

LU (O LA}

751820
5580481
138.951

B4, 388

THE NCMINAL FORCE AMPLITUDE OURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

03970
1.1557
19056
20 £4C6
3. 3551
4a0437
4 7010
5.3218
59014
6o 4352
669190
Te 3461
Ta7222
8,0350
8,2847
8e 4692
B8s 5897
8. 6468
866339
86 5355
B8+3670C
8.1364
T»8645
725563
Te2lla
be 8346
604288
5. 9835
5:4834
4s 9042
4 2081
304684
2.7128
126541
1.1969
0,4381
-063231
-1, 0844
~1.8378
~205743
~342905
-3.9833
~4,6468
~5.2744
~5,8611
~-6.4029
~6. 8957
=7.3358
~T.7165
-8.0442
~86 3071
~80 5065
~8,6408
~8a 7089
~8.7103
—8e 6451
=~ 865137
~Be 3172
~8.0570
=7.7353
~Te3544
~6.9173

L~6a4274

-5. 8883
~5.3042
~40 6795
=40 0191
=3.3280
~2+6115
~1. €750
—-1.1242
~0,3650

]

=B,703C
~8s 6334
-8+4976
~ 8+ 2966
~8e)319
=7.7056
~7.3230
~6.8782
-663835
~5, 8397
-542510
~44 6220
~-3,9576
~342627
~22 5427
~1.8G33
-1.C507
-C.2909
064711
l.2272
1.9695
246958
3.4076
401046
407841
504465
600917
60 7106
7.2858
7.7839
8. C944
842780
83787
8.4523
85387
8. 6082
8.6427
806142
8.5002
863052
840454
T.7284
73537
609216
€e4354
508996
503185
406963
400381
3.3487
206335
1. 8981
la 1481
0.,3892
-0.3729
~1.1320
-1. 8826
~2.6188
-303349
~4,0255
“4=65654
~5,3094
-5.,4928
~6,4312
—66 9204
~Te35606
~7. 7366
-8,0573
~8,3163
-B865117
-8.6418
-8,7058

N

362+ 4
397.9
53607
500.8
4364 9
46748
438,1
417.8
385.7
37305
bhbhe2
450.3
475, 6
58460
66304
7573
738.3
635,2
56648
535.4
533.2
4816l
41462
455,7
6112
637, 2
T44s 4
77402
T44, 9
665,06
48409
468, 3
32745
453, 0
48509
41240
354.2
158,6
F4. 6
7067
55.3
167.1
283.5
4060 3
47506
2959
303, 9
450.1
45661
41606
2747
284e 8
43251
371,0
415+ 4
508461
359, 3
316.1
22942

G3, 6
142.3
68,2
-30.9

1263

830 4
22967
27852
110.9

61s4
234,7
3127
32206

M

~246
=208
-3.0
=362
-3.5
~3.8
~4el
—bo &
~448
-503
~544
~504
~7.3
-1i.9
“10C.7
T+ 9
2lal
~28.1
—114.8
=981
47+ 4
173.2
20662
196,38
229.3
2492
147.9
-32.7
~2660 4
~45643
-380.4
—-136.1
25349
401, 8
34643
237.8
27,0
~147s5
~123.9
-10.8
3649
12. 8
-10.0
=9 3
~3.3
=262
~209
=300
=27
=204
=202
-2e2
=2.1
=260
-1.9
-1.8
~1la7
‘107
=1le6
=1le5
-1e5
=15
-1l.5
=leb
~1le7
~le8
-1.8
~1.8
~1e9
=21
-203
24

STKAIN
(IN)
(.£001
00001
00002
009202
020001
0e 0001
0.,0001
32 LOOL
00001
Ue 2001
0. 0001
00001
0. 0001
0.0000
0.0001
0, 0205
040007
-0 0002
-0s0017
~J.0015
0eGO10
0.0032
000337
000386
30042
02,0046
00029
=3J.,0002
-0s 0050
~0e0177
-0, 0086
~0. 0021
00054
0. 0107
0.0068
Qe 0043
0+ 2006
~0.0025
-0, 0021
-0.0002
0.0006
060003
-0,0001
0.,0000
0e 3001
0.0001
0,001
0.,0201
0.0001
0.C0CL
Ue3001
0. 0001
0. V301
00001
Qs 0001
000002
0. Q001
0.,0001
2.0001
0,0000
Je LICL
22002
~ 0= 00CY
-0.0320
3. 0002
0s 0001
0e0JU1L
0. 0C 00
-0602300
Ca 000L
00201
0.0301

147

STRAIN
(QuT)
00002
¢0002
0,003
00003
0.0002
Ue 0003
0.0003
0e CQO3
00002
0a00C2
0,0003
G.0003
0, G003
0.,00605
0.0005
0, 0002
~0.0000
0, €008
0.0022
00019
-0 C006
-0,0028
-0.0034%
-060032
-Ue0037
-0, 0040
~0e0022
0,0009
0 CO64
00229
0,0092
0e 0025
-Ue 0049
-0.0101
-0, 0062
~0«C339
-0, 0003
00,0026
0.0C22
0.0302
-0.,0006
-0 0002
00,0003
Ce00G3
00003
00002
03,0002
00002
0,0002
Ve 0002
000002
Gs 0002
0. 0002
06,0002
040002
00002
000062
0. 0002
0s0001
0,001
Cl.0JC1
Je0301
5, 0000
50000
Ca00C1
Ve 0001
00,0001
0., 0001
Cs0001
UeCOO1
e 0002
G.0002

549, 3857 LBS

LAY ER



O~V P WD) e

J=_ 150

TOTAL ENERGY INPUT (IN,-LB.)
KINETIC ENERGY (INe-LBs]
ELASTIC ENERGY (INe-LBa)

TIME= 00004515

PLASTIC WURK

(INo=LBs)

Wowo"ou

B0 2s 098

590 J44
1160726
95,928

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUT ION DURING

IS THE SAME AS LAST PRINTED

v

064003
11590
1. 5066
206433
343575
490457
4.,7024
5¢322¢€
549014
6:4344%
656172
703462
T7-7179
8. 0289
B8e27€1
8,4590
8s 5801
826366
826161
8,5112
863347
8.1C7C
7.8389
Te5322
741907
6.8224
6e 4254
5. 6877
524918
4e 9177
402263
3.4857
207286
19679
1,2089
O 4494
-0+ 3120
-1.0736
~1.8288
-2+5668
-3.2825
~3.,9746
~4e 63E6
-5.2672
~508546
- 6639069
-608902
-T743307
=T+ 7150
~-8,0400
~-8s 3035
~805033
~Ba 6379
-8+ T0€3
~8,7081
-Be 6431
-8+5120
-8+ 3157
-8+ 0556
~T+7339
-Te3531
-5s9159
~-6e4257
-5, 6864
-503020
-4.,6771
~4601€5
-3,3251
~2.6083
-1.8717
-1.1209
-0 3616

W

-8.6992
-8+6290
—bBe 4926
~B8.2909
-8.,0255
-T.6983
~T7+3120
-6e 8694
-643739
-548292
~502397
~4445100
~3,9448
~3.2492
~2¢ 5285
-1,7889
-1,0367
~0s2770
Ga4 848
ls 2394
1.9807
2.7078
304211
4,1188
4 3001
54673
601179
6. T417
7.,3208
7. £248
841453
Ba3247
B, 4124
864593
845271
8. 5884
8,6185
Bs 5965
B8+4948
8.3053
8,0438
77249
73510
6.9203
604350
56 8997
5.3189
446972
460392
3.350C0
266351
1.89%8
1.1498
0s 3510
~Ce 3710
-1s1302
~1, 8809
-26172
-3+3335
~440243
~4,6543
~5,3084
-58920
-604304
-6.9196
~73557
-7 7355
~-8,0559
-8,3146
-8, 5095
~-8,6392
-8, 7026

N

25968
353.8
187,.3
124,8
1973
261a 5
301.8
27643
298a1
3719
409 6
43048
377.8
29 o4
155.5

12.7
T7:9
220+ 4
24545
24603
32845
37849
54340
62404
6809
63562
54664
555« G
48l.8
43652
275+ 8
4365
100.9
92.0
260.0
387 0C
42408
37262
2966 2
34346
445, 3
444, 7
46842
48468
391.1
357.6
363.6
360.8
42903
334.0
29505
321.9
2310
306.2
3791
40401
563.3
54643
53949
615. 4
49046
572+3
7277
66507
645, 8
598.8
55243
589,90
438,0
285, 7
341.6
25266

THIS CYCLE
M STRAIN
(IN)
-3,U0 0,0001
-302 060901
~3a4 Ua0000
-3.7 ~0s0G200
~4ed 0e0CJTD
~4s3 0.00C0
=4.7 0.000U
~5e1 040000
=547 0.0000
~6s1 0,00C1
~528 0.00C1
~6e4 060001
=1ls1 ~0s030CD
~1640 ~0.0002
~3e6 0e 0300
25»1 00004
lle4 0.0002
~80s5 -0.0013
-138+6 ~0,0023
~48: 0 -0.0007
101.0 002019
181.0 040033
188.8 0,0035
2124 Ue0Q39
2750 040050
253e6 0.0046
134,6 040026
-5243 ~0.0007
~253¢3 ~0,0249
~430a1 -0.0173
~408,8 ~0.0107
-203s2 -0.0035
149.1 040235
417.1 Q.0115
36546 0.0080
26748 00048
109.3 060021
=10245 -0,0016
~174.9 -0.0029
~6840 -0.0010
3420 Q03008
354 0.09C8
-2+8 060002
~15.,1 -0,0001
=T7el 20000
-2s1 0,0001
-2.6 0s01201
=34 00,0001
-3e2 0,0001
-2.8 0,0001
~2e6 Do0001
~2s4 0s0001
~2s3 000001
-242 0a00CL
-201 0.00C1
=2+1 060001
~2s1 02302
~220 060002
~2e0  J03302
~1le9 0.0002
-1e9 0,0002
~2+0 000002
-2e3 0.0003
=20 00003
-2.1 0.,0002
-2.1 2:0002
=2.2 10,0002
~2¢3 00002
=203 0eCJ01
~2e5 00001
~2¢6 0.00C1
-2¢8 000001

148

STRAIN
(auT)
Js0002
C.6002
G,0301
Ca CO01
00002
U. 0002
C.0002
Ca 0302
0. 0002
C,0003
C.0003
0., 0003
1,004
00004
G.0001
=0.0004
-0,0002
Je 0015
G,0025
C.0009
-0,0016
~L 0030
~0.9030
-060034
-(e0044
-0s 0041
-0,0021
3.0011
050061
Ge0224
Os.0111
10,0035
-G .0032
-0s 0114
~0.0077
~0e 0045
~0,C017
G+0019
0. 0031
0.0013
-0.0004
~Gs 0004
0.0002
0.,0006
0.C003
0.0002
0. 0002
¢e0002
Ge 0002
C. 0002
0,0002
0. 0002
0,G001
0.,0002
0, 0002
U«0002
0,0003
0 0003
G,0GJ03
0. G003
Co(002
06003
0,0003
00,0003
0.0303
00093
0.0203
0.0003
0.0002
0,0002
00002
U.0002

44604332 LBS

LAYER
1
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64
65
66
67
68
69
70
71
72

J=_ 160

TOTAL ENERGY INPUT (INo-LBas)
KINETIC ENERGY (INe—-LB.)
ELASTIC ENERGY

TIME= 0, 0004816

PLASTIC WORK

THE NOMINAL FORCE

(INe~LBo)
{IN.~LBs}

LTI TR 1)

842,913
6110320
122,503
109, 0GC

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0+ 4033
11619
1.9114
246460
3.3599
4 0476
4, 7038
53232
5S¢ 9012
604332
69,9149
e 3427
7. 7130
8.0218
862666
8o 4495
805720
B8.6249
8+5938
8+ 48C5
803033
8, CT785
7.8120
75065
Te1711
648119
be 4229
5:99(8
564985
409283
462435
365017
24 7433
19814
1. 2205
0. 4605
~0s3011
~-1.0627
~1e8192
~2e5567
- 362756
~369661
~40 6255
-5+2592
-5 6476
~ 66 3903
~be 8839
~7e3250
-7.7068
~8,0354
~8e 2993
~ 864994
-8e 6344
-8,7031
-8,7051
-8, 6404
-8 5064
-8,3131
~B8e 0532
~T7.7316
-73507
~609135
~604234
-5 8841
-562G997
~4:6747
~ 45 0140
-3.3226
-2.6058
-1.8690
~le1181
-0, 3587

W

~-8e6949
~Bs6242
~Be4871
-802847
-8.3185
~71+6906
-723034
~6.8601
~b6e3638
-5.8184
-5.2282
~4. 5979
~3.9321
~302357
-205142
—1e7747
-1. 0227
~0.2627
0.4987
1. 2521
1.9932
207213
3.4351
4e1331
40 8173
5.4894
6e1447
6 7725
T+ 3548
78632
81981
8.3728
Es 4499
Bat 747
8451669
Bs 5699
8.5951
845746
£+4841
843047
8. C439
77218
7-3472
609182
624343
50 8995
523191
446978
40 0402
3.3512
206363
19011
1.1511
0s3923
-0:3697
-1.1287
~1 8795
~266158
-303321
-4,0229
426829
-503070
-5.8904
~60 4287
-6,9178
-7s3537
-7, 7333
~8.0535
-803120
-85 5C606
~-86,6359
-8.6989

N

405.3
34103
386,8
310. 3
21443
95,0
-129. 4
-227.5
~129.5
-43.0
-47,.8
-139.9
- 86,7
-4342
-51.3
~12.0
111.3
195.8
263,6
238.7
332.9
35645
291. 6
271.6
275. 6
41045
43804
515, 7
68549
73642
583, 5
434,7
377.7
382,2
285.5
199.4
21846
221.1
192.0
171.9
165. 6
157.3
90.7
29. 7
5447
12063
21244
25544
25346
447.4
6175
492.6
393.3
311.1
36301
49445
401.0
39443
47740
42741
415,2
340, 1
362, 8
58541
44607
337.7
441, 4
3024 7
38643
51840
46242
50442

M

=365
=37
~490
—4e3
—446
“409
=52
-5.8
-6e5
~6a3
-5,7
=88
=174
-1l6.l
l4o4
3604
=2Te4
-133. 1
-12247
11.0
129.9
170.0
185.2
255.7
3007
24643
116.3
-6Te8
=24641
~353,.7
4470
~24Ts2
6366
38345
398.2
292.8
1579
=277
~181.8
-140,9
Os 5
5642
187
-16.7
~14.8
=37
=1le6
~3¢4
~3e8
=34
-3.1
=269
~2s 7
=2a6
-2s5
=204
-2 3
~2e3
~2s2
=262
=202
~2e2
-2s3
=263
=203
=224
=205
~200
~2.8
-2 9
~3al
-363

STRAIN
(IN)
0.0001
092001
0.,0001
Ue COO1
0. C000
-0e0000
~0,6002
=Je 0002
-0.0002
-0+ 0031
-0,J301
~3.0002
~2,0003
~0.0003
D6 G002
00006
-0, 0004
-0+ 0022
=0.,0020
0, 0003
0.0024
J.0031
0.0033
040045
0.C053
Ve 0344
00022
~34 0003
~0a0047
-0.0159
-0s0132
-0,0041
00,0021
00112
00103
0. 0051
040028
=040034
-0.0031
-0,0024
0.0001
0.0010
G.0Ul4%
=0.0003
~0s000G2
=0.09300
Je 0001
00000
30,2000
0. 03C1
Je0002
3 0002
0.0001
2. 0001
0., 0001
0.0002
0. 0001
00001
0.0302
0.0001
0, 0001
0.,0001
00,0001
0.0202
000202
30001
0.0001
0.G301
0.0001
G.03032
Js 0001
0.0002

149

AMPLITUDE DURING THIS CYCLE IS

STRAIN
(2UT}
G«00C2
. €002
00,0002
G.0002
0, 0002
0.0001
G,0000
=00 0000
0es002C
Je 0001
060001
(0061
0.,0003
U.0003
-Gs 0003
-0.0006
00205
0o C024
000022
-0,0001
~0s0021
-0 4,0028
-0 €031
~0.0043
~Ce0051
~0, 0041
-(G«0018
Ca(0146
Cs 0060
Ce.0212
0. 0140
0.0044
~-0.0016
-0.0108
-0.0100
-Ue 0O5C
-0.0026
0,0006
0.0032
00025
0, 0001
-0,0009
-(+0003
0. (003
00,0003
C.0001
006001
00002
00,0002
Ue 0002
Q.0003
0. 0003
0,0002
U,0002
0, 0002
00033
000062
06002
U.0002
0, €202
0.,60G2
0,0002
0. 0002
0.0003
0, 00C2
0,0002
0,0002
0,0302
00,0002
0,0003
00003
(G.0003

377.4614 LARS

LAYER



O~V W -

J= 170 TIME= C.0005117

TOTAL ENERGY INPUT (IN,-LBs)
KINETIC ENERGY {INe-LBs)
ELASTIC ENERGY {IN.-LB,)

PLASTIC WORK

(INo-LBs)

Hon oo

872136
6216921
127,001
123.215

THE NCMINAL FOURCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTIUN DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0e 4054
l.1638
L.9132
266475
3¢3612
400486
4e 1044
5.3234
563007
6, 4319
6.9128
7. 3367
7, 7082
8.0142
8,2576
Ba 4423
8e 5649
8, 6099
8,5679
Be 4456
842733
840501
77832
T+ 4805
T2 1531
60 8022
604204
5. 9922
5.5026
469372
402584
3.5162
2. 7570
1.9948
1,2329
004722
~0+2893
~1s 05C9
~1.8083
-2.5518
-3.26%6
-3+9586
— 446204
-5 2506
-5, 84006
- 603840
-6«8779
-T. 3192
-7 7044
-8.0303
-862945
~8e 4950
-82 6302
-8,6992
-8:T014
~ 866369
-8+ 5060
~863099
-8.0501
~T7. 7285
-7 3477
~6+9106
-604205
~-5.8812
-502969
~4e 6719
~-4,0113
~3+3198
-2+ 6031
-1 8664
-l.1156
~02 35584

W

-846901
-8.6190
~Be4814
-8,2785
-8.0118
~T.6832
~T7e2954
-6e8512
~663541
-5.8C78
~5.2168
~4,5857
~3.9188
~342211
~2e4992
-1.7601
-1.0081
=0 2477
00,5131
1.2657
260070
207355
36 4493
401486
4.8367
5. 5132
601728
668032
73877
7.9013
8o 2484
B,4209
8.4 881
8.4981
845101
805522
865726
85513
Ba4 681
8,3012
8.0458
To7207
753431
609148
624327
5. 8988
503186
406975
400402
323516
22 €370
1.9020
l.1522
03935
-0.3684
-1l.1275
-1.8780
~20£143
~-3.33C5
~4+0212
~446811
~53050
~5.8884
=60 4265
~6a9153
~7.3511
~7.7305
~8s0505
~8,3086
~8+5029
~846319
~8: 6544

N

-1B4s1
~6542
-28.4

20.5
440 7
93s2
161.2
120.9
12657
22345
221.6
15648
137.2
4la7
=2002
20 6
65,9
=256
~2563
101.1
249 6
44404
37601
35845
48948
597.5
55765
490.4
511.9
46804
16503
13.3
4T7a6
133.,0
602
-33.0
~2866
137. 4
251,61
20506
152. 4
16365
21267
187,90
73.0
544 6
9665
131.8
125,90
4849
1861
6045
4309
3644
6248
2562
128.8
177»1
12263
140.,6
~12.4
~19,3
121.6
=15.90
Tw2
4004
~1603
8601
=46, 6
-89.2
-0s1
=155 5

M

~3.8
~4e 1
~4e5
~4a.8
~562
~5e6
~6o2
~7.0
-763
~6el
=645
=150
—24 3
~449
394
2367
=878
~156.8
-77.8
5647
13447
15449
21241
29804
30647
23%s2
9040
~7801
~217.9
-305,4
~460. 8
~305.6
2449
268+ 7
433.6
337.7
18745
3400
-139.8
~195.6
-67.5
5547
516l
~547
~24a1
-10s.1
~0s9
~2e4
=4a 3
=4,0
T
=3.2
=340
=269
~2a8
-2a7
-206
~2a40
-2a5
=204
~2.4
-2+ %
=245
=25
-2s6
-2e7
-2:8
-2s9
=360
~3s2
=304
~3a5

STRAIN
{IN)
=0.0002
=0.0001
~0,0001
~0.0201
-0.00C1
=0 0001
~00000
=0 0001
-0,0001
=0.0000
~06 0000
-0+0002
—0e 0004
-0.0001
0. 0007
0e 0004
=0.0015
~0. 0027
-0.0014
00010
0. 0024
GeGG29
0o 038
0.0053
00055
Je 0043
0.0018
~0,00611
-0 0043
=J.0152
-2+ 0152
~0,0053
00013
Ua 0091
02,0126
0+ 0059
0.0032
0. 0G06
-0.0023
~0.0033
-0.0011
Go 0310
03010
-0.0000
~0e0004
-0.0002
00000
00300
-3 0000
-J.0301
~Je0301L
=0: G000
~0e0000
-2+ 0000
~3.0000
-0 0000
Je 0000
263000
00 0000
2.0000
-0.0001
-0 0001
0.0000
~0.0001
-0,00300
-0s0000
-0.0001
-0+0000
=0 0001
-0,0001
=00301
-0, 0301

150

STRAIN
(ouTy
-0e000C
0. 0000
60,0001
00001
0,G001
0.0001
0.0002
GeC002
040002
000002
0. 0002
0,0003
Ce 0005
0,0001
=0 0007
-0, L0O0D4
06,0015
C.0027
0.C013
~0.0009
~Ge 0022
~Ce 0025
~00035
~de CO50
~0.0051
~0,0038
-0.0013
G.C016
0e 0055
020203
0.0162
05,0053
~0.(010
~0.C089
-0e 0126
~04( 259
-0.0033
~0.C005
0.€025
0.0035
0s (012
-0.0009
-0.0008
0.0002
060004
00002
0s G001
0.,0001
Ue 0001
020001
Ge0001
00001
0.0001
0. 0001
0,0001
00001
0. G001
0.0001
0.0001
Ge 0001
0,0000
0 CO00
0,0001
G«0000
0. 0000
Gs0001
0. 0CCO
0.C0OC1
0.0002
00002
Ca00C1
-0.000C

313,5171 LBS

LAYER



Veoe~NoWwmd L Ne

J= 180

TOTAL ENERGY INPUT
KINETIC ENERGY {INe-LBa)
ELASTIC ENERGY {IMe-LB,}

TIME= 0,0005418

PLASTIC WIRK

(INe~-LBs)

(INo=LBs)

wonoH oK

897,503
628,192
134. 680
134,637

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
1S THE SAME AS LAST PRINTED

v

00 4078
la 1661
1, 9153
2+ 6495
3.3628
4o 0458
407052
53236
509002
664305
609106
703363
77024
8,0059
802501
8. 4372
8., 5564
8.5909
8s 540C
844195
8o 2442
80 02C1
T.7530
Te 4557
To1364
6079338
604176
569921
50 5051
429467
402715
3. 5294
247697
2. 0075
le 2454
0e 4839
~2.2778
~1.0352
-1.7969
~-205426
-3e2638
~-3,9528
~4a6118
-5.2411
~5, 8326
-6.3775
~6+8717
-7.3132
-T.6988
-8.0252
-B8e 2857
~8.4905
-8 6260
-8.6952
~8s6976
~8e 6332
-8.35026
-8, 3066
-Be 0469
-7.7255
-=7s 3448
- 669077
-604177
~-5.8786
~5¢2943
~4a 6654
-4.0087
-303173
-2 6005
-1.B8639
-1.1131
=0 3540

W

~8:6E54
-8.6137
—£e4756
-8.2721
-840048
=T. 6755
-7.2870
~668420
—6e3441
-507971
-5.2055
~405736
-3.5054
~3.2064
—22:4845
~1l.7459
-Cs9933
-0e2321
Csa5283
1.2806
2.0221
207504
304640
401656
408575
505381
602009
6, 8330
724195
149407
8+2949
84678
28,5291
825239
8. 5105
6.5356
865504
Es5282
804488
8.2929
8.0473
Te7222
16 3401
69107
6s.4336
508982
5.3183
4o 6974
4,0403
3,3520
26376
1.9928
1.1532
0.3947
-0e3671
~1le 1261
-1.8765
~206126
~3.3287
-4,3193
~446791
~503029
~5.8861
=60 4241
-6.9128
~T7.3484
~T.7276
-8.0473
-8,3052
~8.4993
-8e6279
-8,6901

N

~272.2
-202.8
=45,0
-149. 4
~196.2
=226 2
860
~6.3
8o 9
~1563
54,9
1610
32743
493,3
565,1
41846
3€4,5
47726
404, 6
398s 6
313.0
235.2
27243
340.2
365. 8
377.2
3240 4
223.5
22867
21%.8
~1261
-100.0
65 4
89.5
171.6
184,4
13,2
-180.7
~187.6
~T7602
=73.3
=977
~157.9
~172.9
=60.7
30.1
2569
-6,5
~57.4
=135.7
=259 7
-313.6
=293.7
—-297,0
~235.4
=257a7
~368,0
~409.5
~362,9
~443,3
-355,8
-355.0
=509, 0
=527+ 6
-517.6
~364.4
-196.6
~274+6
-35060
-316a2
-335,9
-290. 6

Y

—4e3
~4s T
~5.0
=50 4
-508
~6e3
~Tal
~7e9
~Tel
=56l
=190.1
~25e 3
~24.1
21le5
53s 6
-22a4
~142.0
~142.8
~27.9
80.2
121.2
159, 9
258403
322.,0
308. 8
21640
63,8
~T6a7
~16543
~322.2
~46443
-344.8
4506
190,3
449, 0
35847
22%e2
68,9
~83.1
=20201
~146,8
16,5
79.7
24e3
=2607
=2206
=306
G0
=309
=540
~4eQ
~3.4
-3.3
=362
-3.1
-2.9
-2.8
-2.7
-2,7
-2.7
-2.7
~206
-2.6
-2.7
-2.8
=-3.0
-3.1
=342
-3.3
-3.5
-3,8
—4a 0

STRAIN
{IN}
-0.0302
-0.0002
=J3.000C1
~0e0002
~0,0002
-0 0001
~0,0001
~0.0201
~0,0001
-3 0201
=060002
=~ 0004
=0.0003
0. 0006
0. 0312
-2.0002
~0s G023
-0.0023
~0.0003
Qs 0016
02,0022
000029
0.C046
0. 03357
0.0055
Q,0039
0.0012
~0s0012
-0.0035
-0.3156
-0.0160
-0.G062
320001
00077
040139
0. 0275
00039
0.0011
-0.0015
-0.0935
-0.0026
0,03C2
J.0013
00003
=0.G005
-0,0004
-0. 0001
=0 0000
-0.GOC1
~30002
-3, GQ02
~0s00C2
-0.0002
=0, 0002
~-0.000G2
-J.0002
-0, 0002
-0.0002
~Je U002
-0.0902
~0,0002
-0.0002
-0.0003
-J.0003
-0.,0003
-0.0002
~02.0001
~0.0002
~0.0002
~0,0002
~0s0002
-0,0002

151

STRAIN
(ouT)
~-0,L001
-0 0000
0,0001
Cs 0000
G,000C
0.,0001
0,0001
00001
0. 0001
0s0001
00002
0. C005
0.,0006
-0.0002
-0, CO07
0.0006
CeCO26
00027
00007
-0, 0012
-0.0020
-0,0027
=0.0043
-0,0054
-0.0052
-0.0036
~0+0010C
0.C014
040044
Qe 0204
0e 0173
00060
0.,0002
-00076
-0.0137
-0s 0072
-0.0039
~C- 0013
0eG0O13
00034
020025
-0.0003
-0.0014
-0s 0005
0.C004
0. 0004
00001
-0,0000C
0.0000
0.C00C
-0.00C1
-0+ 0001
-0,0001
-0, 0301
-G.C0O01
-0.0001
-0 0001
-0.0001
-0,0001
~Ce 0002
-0,(001
-0 €001
-0.0002
-0.606G2
-0 (302
-000001
-0« 0000
-0,0001
-0.0001
-0,0001
~00001
-0,0001

283,9172 LBS
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1
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J= 190

TOTAL ENERGY INPUT
KINETIC ENERGY (INo—-LBs}
ELASTIC ENERGY (INe-LBe)

TIME= 0,0005719

PLASTIC WORK

{INo~LBs)

(INo-LBs )

noHouoH

9180603
6326179
1420139
144,285

THE NOMINAL FORCE AMPLITUDE DURING THIS CYCLE IS

THE FORCE DISTRIBUTION DURING THIS CYCLE
IS THE SAME AS LAST PRINTED

v

0.4107
1.1691
1. 9181
2,6521
3s 3652
40 0518
407067
563244
5.90C2
6o 4257
609090
T7.3327
T 6555
7.9978
802448
8. 4326
805441
80 5679
845117
803907
802147
Ts 9883
7. 7233
T=4325
741214
6e 7864
604142
569903
5. 5080
469556
402825
305410
207811
200193
1,2579
0s 4961
-042657
-1 0270
~1.7849
-2.5322
-3,2571
-3.9483
~44 6050
-5.2316
-508237
~6e3T7C7
-608659
~7.3073
~7.6930
~-8.0200
~8+2850
~8.4862
- 8. £221
-8, 6916
~8e6944
-8s. 6302
-864998
~8e 3040
-8s0445
~7.7231
-Te 3425
-623055
~be4l154
-5 8762
~5,2918
—4, 6669
~400061
-3.3146
-2. 53578
~1.8611
~1.1102
-0.3510

W

-8+,6810
-8.6087
-8 4700
~8+2658
-7+ 9976
~T. 6676
~7.2781
-6+ 8322
~603333
~5.7856
-5,1933
~45602
~308903
-3.1909
-2+44702
~l.7318
~0.9781
-0.2166
0035433
102955
200369
207645
3.4789
41833
428790
545635
602286
6.8620
Te 4524
7.9800
803335
8,5138
863725
£, 54958
E.5196
Be 5204
8,5287
8. 5C52
B.4286
8.2805
8e 1464
Te7259
753399
64 9067
604275
508975
53186
406578
4a0410
303531
206390
19044
1.1548
023963
=0.3655
=le1244
~1e8748
-2.6109
~3.3270C
-4,0176
~40 6773
-5.3012
~5.8843
~6e 4223
~609109
~103464
-1.7253
~8.0445
-8, 3025
~8.4962
-8.6245
-806362

N

-23862
-91.4
-125.5
~11lé.1
~6e8
279
112,3
21.8
-7243
5369
55, 8
-67.9
~5242
8068
10862
1733
90.6
155,7
24107
21648
28t 2
379, 8
40348
45446
5184
56842
60706
51969
39541
3291
70.9
~60,3
~92e2
-70s7
~-218.8
=202.3
~217.8
-292.3
=326.6
~280e7
-182.5
~13%9.0
~197.9
=31l4e2
=445,5
~483,8
=447, 1
-394.9
-387.5
-487e3
549, 3
=47546
-384,3
~2640 6
~320.7
~471,7
-535,9
-581.5
-5C9%1
~439.7
46806
-488,5
46703
~465a1
47841
=430.0
=410.3
~365.7
=3l4e 4
-340.7
~302.8
~29403

M

~4e 8
=502
-5¢6
~6o0
~6e4
-Tal
~8a4
—845
-565
=505
-19.7
-35,1
~645
5444
3604
-87,0
=16367
-103.7
1060
7845
108.9
19443
295+ 4
330.9
30442
185.8
4563
%641
~14407
-353.2
-46140
=350. 4
~158.3
19642
39049
391.8
26367
100.9
~45.0
-170.1
=199, 6
=580 4
80.4
67.9
-11e2
-36s4
-13.6
le8
=1lsl
~5e4
-5al
-39
=366
=326
~364
~3e2
-301
=30
-3.0
-3.0
~269
-3+ 0
=340
-3¢0

- 36l
—3.2
=3«4
=346
=307
-39
~4a2
=455

STRAIN
(IN}
-0 0002
-0.0001
-0.0002
~G0e0002
-0.0001
=3, 0001
-0.0201
-0 0001
~000001
-0.0001
-0,0003
-0.0006
~0. 0001
00010
040007
-0.0014
-0, 0028
-0.0017
0. 6203
00,0014
0.,0020
0,0035
00053
3. 0060
040055
0.0034
0.0010
-0.0006
~0.0030
-0e0161
~0e01l61
-0, 0068
-Ge 0019
0.0078
0e 0127
0. 0095
0. 0044
0.,0016
-0.0009
-0s0031
-040035
-0s0011
0.0013
0. 0010
~020004
~0,00608
-0 0004
‘090001
~0e0002
'000003
~0e0003
-3.0063
=0.0002
~0,G002
-0s(002
-G.00C3
-0.0C03
=0.07303
-0 0003
~0e0202
-0.0203
-0, 0003
~0,0003
-0.00C3
-0.0003
-0.,0002
~0, 0002
-0.0002
=0.0002
-0.0002
=0.0002
-0 0002

152

STRAIM
(QUT)
~0e0000
0,600
00000
0. 0000
0.0001
0,0001
0,0002
00001
Cs 0CC1L
Ga0001
0+ 0004
0,0006
0.0001
-000009
-00006
0.0016
00029
C.0019
~-0s 0001
-0.0013
-0.0018
~0. 0032
—0«C 045
-0.C056
~0sCOSG
-0,0030
-0e (205
0.C010
06042
0.0210
0.0178
0. 0067
0.002C
~0.0077
-0.0128
-00098
-0, 0046
-0.C019
060006
0.0028
0.0034
0. 6009
~0.0015
-G.G013
-0,0000
040004
0,0000
-0,0002
~0s 0002
~-Ga0001
~0.0002
-0, 00C1
-0.0001
-0,00C1
-0 0001
-G,00C2
-Cs0002
-0.00C2
-0.3002
=0.0201
-0,0002
~0+0002
~-0,G002
~G.0002
-0s 0002
-0.0001
-0, 0001
-0,0001
~0.0001
-0, 0001
=0.0001
-0,0001

249. 6497 LBS

LAYER
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37
38
39
40

J= 200 TIME= 0, 0006020

TOTAL ENERGY INPUT
KINETIC ENERGY (IN.-LBa)
ELASTIC ENERGY (IN,-LBs)

PLASTIC WORK

NO FORCING FUNCTION IS ACTING DURING

v

004145
11727
1s 9216
206553
3.3680
40542
40 7084
563253
5090C4
65 4294
606075
7.3282
7. 6880
79916
802420
Be 4267
845280
8s 5432
804839
Be 3622
861832
T+ 9555
T+ 6945
74105
7. 1083
6o 7792
604092
569885
505128
459636
402927
3.5527
27924
2. 0310
1le 2702
0.5088
-0.2530
-1.0143
-1l 7725
-2:5210
-3.2490
-3.9440
-4,6C02
-5.2229
~5, 8139
=b6s 3633
-bo 86006
~743022
-7 6879
-8,0153
-8, 2810
-8,4827
~-B8e 6189
~Be 6888
~B8.6916
~Bo 6280
~8.4978
-8,3022
~8,0427
~Ts7215
~T7+34C8
~609037
- 604135
~568741
~5,2895
= 4. 60644
~-420034
-3, 3117
-20 5946
~1 8577
-1,1066
~0e3473

W

-8,6768
-8.6039
-8, 4644
-8,2593
-7.9903
~7.6595
~7.2691
-6,8222
~643224
-5.7741
~5.1810
~4.5458
~3,8743
-3,1756
-2.4561
-1, 7170
-0,9620
-C. 2003
Ce5594
143114
2,0520
2.7791
3.4950
402020
449015
5.5888
642549
628901
70 4858
8.,0164
8.3789
805602
846135
8.5797
845340
8,5087
8,5C81
804821
8.4(84
842663
800422
7.7303
143435
609049
604243
5,8967
503197
4,6991
440423
3, 3545
2.6406
1. 3060
1. 1566
0e3982
-0.3636
-1.1226
-1.8731
~2,6C93
~3,3255
—4, 0162
~4,6761
-543001
~5. 8833
-644213
-6,9098
~70 3452
-7.7239
-8, 0432
-8.3005
~854938
-8,6215
-8,6827

(IN.=LBs)

(IN,—=L8,

N

~93.2
=223a8
~178e0 4
-97.1
=-213,7
~222+0
~17045
-155.0
11.5
31.5
S5e1
13e4
~169.4
=89, 8
~9363
—156.6
-15,6
57«2
6309
92-6
l1l4e4
208. 6
291.7
182.7
19745
24Te4
25+ 6
-61s6
~28s0 0
~-98.5
~191.1
~220+3
-133.4
843
8s 5
-120.8
-192,0
-204.9
=259, 7
~27is 4
<3006 3
~421e1
-447s1
=398.7
~426s3
~500.4
-485406
-4464,8
-450,7
-359,5
~301.3
-323,.1
-377.7
4648
-42461
-347.8
-323.4
=343. 6
-367+4
~20205
-92,6
-29.3
207
-35.7
=94,7
-177.9
-173.1
-127.3
-69.0
5245
52.7
~28,7

oo

}

M

-5.3
=57
-6el
~be&
-669
~8s2
~3e5
~To4
-3.1
~1 069
-352
=333
29,9
70a 3
-15.2
~140.2
~151a.7
=60e5
2646
609
121.8
237.8
317.2
3405
28066
1558
53.1
=93
=175.4
-352.3
-647.9
~372.0
~201.3
161.8
311la4
42367
3121
1417
=20e2
-137. 0
-207.6
=137.3
37.5
10443
28s3
=405
-32.0
~2+0
3.5
~440
-6a5
~458
~-3,8
=3.7
-307
~366
=3.5
=364
-3.3
-363
~3e 4
-3.4
“304
~365
-3.5
-3 b
-3.8
~440
~4s 2
~4e5
—ao
=5,0

9266700
624,975
1474 444
15442861
THIS CYCLE
STRAIN STRAIN
(IN) {ouT)
=0s 0001 0,0000
-0,0002 —-0,0000
~0s 0002 0,0000
~0.0002 0.,0001
~0,0002 0.,(000
~0. 0002 00000
~0,0002 0,0001
=0.0002 0.0001
-0.0001 00,0001
—0e0002 000002
-3, 0006 00006
—0.02306 00006
0,0004 -0G.0006
0e0312 -0.€013
-0,0003 0.0002
~0.0025 0.0023
-0.0026 0.0026
~0.0010 (0011
0. 0005 -0. 004
0,00211 =0.,001C
0.0021 -0.0C21
0. 0042 ~040040
060056 =0.0254
00063 —-0,0060
0e 0049 —0.,0048
000028 -0.0026
0. 0009 ~0.0009
-0,0002 0.0001
~0e0038 000045
-0,0162 0,0208
~040160 04,0175
-0.,0084 00,0081
-0.0027 0.,0028
00072 -0,0071
GeD114 -0.0114
00119 -0,C12D
0s0053 -0,0055
0,0023 ~0.0025
~0.0005 040002
-0.0025 0.0022
~030037 0,0034
~Us0326 (00022
060004 ~0,0008
Js0016 ~00020
000303 ~0.0C07
~2.0009 ©.0005
-0,0008 00,0003
-0.0002 ~0.0002
-0,0001 ~0,0003
~0.0002 -0.0001
~0,0003 ~0,0000
=0.0002 -0.0001
-0, 0002 -0,0001
=0.0003 ~0G.0001
~0e0003 -C,0001
-0.0902 -0.0001
-0.0002 ~0,0001
~0s3002 -0,0001
=0.0002 ~-0,0001
-0.0002 ~G.000C
=3, 0001 00003
-0.0¢001 (C.0000
-0.0001 0.0001
-0.0301 0,000C
=00001 00000
-0.C001 -0,06000
=06C01 -0.C00C
-0.0001 0,000¢C
-0.0001 060000
~00301 0.0001
-0,0001 G.0001
=0.0301 0.C001

153
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J= 210

TJITAL ENERGY INPUT (INo.-LBe)
KINETIC ENERGY (INe-LBo)
ELASTIC ENERGY (INe=LB.)

TIME= 040006321

PLASTIC WORK

(INo.-LBs)

LTI A ]

9266700
609, 691
151.594
1656 415

NO FORCING FUNCTION IS ACTING DURING THIS CYCLE

v

0. 4182
l.1762
19251
20 6586
3.3711
4+ 0568
4e 71C4
53266
56 9011
6s 4255
609055
T7.3225
76814
79887
80 2402
8s4179
8o 5CG2
8.5184
Be4573
8e 3328
81501
Te9233
Te 6672
7.3906
T.0568
67717
644038
5. 9891
52,5186
409713
40 3019
3.5638
20 8031
2+0416
12825
005222
-0+2396
-1.0007
-1.7592
-2+5088
~3023%4
~3,9387
-4¢5971
-5+2167
-568042
-603548
~b6e 8554
-7+2984
-7.6838
~-8.0113
-8.2776
-B8e4799
~-8.6165
~8e 6867
-8.6900
~B8+6263
-8as 4962
-843006
-8.0411
~7. 7168
~-7»3391
~6e 9019
~604l15
-508719
~5.28172
~4,6618
-4,0007
-3,3088
-2.5915
~1l. 8545
-1.1033
~-003438

W

~8:,6729
~865992
~8+4590
-862531
~T1.9833
~T726514
~7. 2600
-6.8120
~603117
-5.7629
-5.1681
-4a5305
~3.8585
~321614
-2.4423
-1le70G14
=0s 9451
-0.1833
0e5762
1.3276
200671
207943
3a5116
402214
499242
506131
602802
€e 91932
7.5188
8.0513
8s 4164
84 6049
8.6506
8.6145
B8o5498
8. 5027
844892
Be4591
Ba 3876
8,2516
Be 0355
107332
7:350G
6o G066
604216
5,8951
503208
427010
440438
323560
26422
1. 9077
1.1532
Cs 3997
-0s3622
-1.1214
~1. 6721
-2.6085
~343248
~4s70156
-40,6755
~5¢2995
~5,8827
-04206
~ 6090390
-7:3441
-7.7227
-860417
-8.2986
-8.4915
-£.6188
-8.67%4

N

8006
3l.1
5240
-30.3
=566
-114.8
~152.0
-1742
=157+5
~103,0
—46s3
~3365
28,2
-83,2
-82.8
~1445
=65,.9
6.7
=322
-317.1
=384.5
~338,.9
—468s1
-436,1
~37843
~408,4
~419s1
-433,0
—-429,8
~41648
-435.9
-363,3
~-333.0
~346.7
~190e 4
-193.9
-122.7
~118e4
-129.5
=132.7
~173.1
=167, 4
-T202
30.9
5646
-26.8
=83, 9
-29.1
~33,5
~69 5
-19.1
2402
=36e5
-6069
~1le5
13004
15646
184.0
146,8
57,8
778
132.5
192. 6
22106
82.1
~B83.9
-6203
S54e 4
16268
12666
14803
210,6

M

=548
~6e3
~6e6
~609
7.9
~9,9
-9 7
-3.8
=27
~25. &
~4845
~8.6
692
4949
799
-162,5
-120.3
~28,8
19.0
5343
157+ 5
26948
331.5
337,0
2438
140.9
89a5
-13.4
~205+ 3
~348,7
~414.9
-400.1
~159.7
34,2
290a2
44043
347, 1
18945
10e2
-120.3
~191.9
~184.7
~38s2
105.8
8204
=207
-5201
=170
6a6
JRY)
~T.1
=60 7
~4e3
=3.9
~401
~4al
=369
~3+ 8
=367
=326
~3.6
~3a7
~3.7
-3e8
-3.8
=39
=44l
4o
~be b
~44 9
~5.2
-565

STRAIN
(IN)
=0,0201
-0 0101
=0,0301
-0.0901
~0,0301
-0.0002
-0.0002
-0,9001
-0.0001
~0,0005
-0.0009
~0.,0002
Ds 0012
0.62038
=0.0014
-0, 0028
-0.0021
-0, 0005
0.0003
00308
060025
000045
Q040055
0.0061
040040
Ue0022
00014
~0 0004
~0e 0045
-0.0163
-0e0155
-0.0105
-00020
U0 0048
J.0110
J.G130
0«0065
00032
Je 0201
-0«0021
~0e0034
~0a0033
~J.0007
0+0018
0.0014
=040004
-0, 0009
~J+ 0003
0.0001
~0. 0000
-3,0001
-0.0001
-0.0001
-0,0001
-0, 0001
-0.0000
=0.0000
00000
-0.0000
-0 0000
=0.0000
~we0000
00000
00300
-0.0000
-360001
={.3001
-J. 300l
~ % 0000
~0600060
~J» 0000
~0,0000

154

STRAIN
{ouT)
0.0001
0,0001
0.,0001
00001
0» G001
0.0001
0+0001
0.C001
~00000
00004
0.0008
0.00C1
-0:0012
~0.0009
0.0013
0, 0028
00020
0.0005
-0.0003
~0e0011
~0e 0029
-0.0048
-Ce0061
-0,0065
-0+0044
-0,0026
-0.0017
0.0000
0. 0048
0.0206
Ce0168
0« 0100
020020
-0« 0051
-0,0111
-0.0132
-0+ 0066
=0.0033
-0.0002
0.G02C
G.0032
000031
0,00086
~0.0018
-0e0014
00003
0,00609
0. 0003
-0.0001
-0 0001
3.0001
G»0001
G- (001
Q0000
0. 0001
0. 0001
0.0001
0, 0001
0.0001
0.0001
3. 0001
0,0001
0s 0001
J.0002
00001
00000
040000
0.0001
Ve 0001
00,0001
0, 0001
00002

%
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37
38
39
40
41
42
43
44
45
46
471
48
49
50
51
52
53
54
55
56
57
58
59
60
51
62
63
64
65
66
67
68
69
70
71
72

Jd=_ 220

TIME=

PLASTIC WORK

00 0006622

TOTAL ENERGY INPUT (IN,-LB.)
KINETIC ENERGY
ELASTIC ENERGY

(INo~LBo)
(IN.=LBs)
(IN2-LBo)

o oton

G26e 700
5944 756
159.474
172. 468

NG FORCING FUNCTICN IS ACTING OURING THIS CYCLE

v

00 4212
1.1794
l.9281
20 6615
3.3738
400552
407122
563279
5. 59023
604297
69024
7o 31€3
7. 6770
1. 5883
802374
864062
8, 4894
804550
854315
8. 3023
8,1172
7, 8927
Ta 6417
73733
7. 0859
6o 7634
663999
5. 96919
505242
449789
40 31CH8
3,5735
208127
2205117
1.,2939
05348
~0s2264
~0.9874
-1le 7460
~244966
-302294
~3.9323
~44 5946
-5,2133
~56 7960
~6+63451
~b6e B489
=7.2949
- 7. 68C5
-8.0074
~8.2741
-8, 4771
-8.6141
—8e 6845
-8.6879
-846244
~8a 4943
- 862988
-8.0394
~T7.7180
=T7.3372
~608999
- 60 4C95
-5, 8698

~5,2848

~4.6592
=3+.9979
-3,3058
~2.5884
~1le 8513
=1.1000
~0s 34C6

w

~B.6689
-8B« 3946
~8s4536
-80 2471
~T7a9764
-7 6436
~7. 2510
~6.8022
-£.3015
~5,7518
-561542
—4%e 5146
~3.8437
~3.1485
~20 4286
—le6358
~009237
~0.1671
065920
ls 3426
240815
208094
3.5285
402414
463470
5. 6372
6,3068
6e 5502
75520
843865
8+ 4539
8¢ 64586
8.6891
Eo 6482
B+5683
845031
Beu721
824368
84 3658
842356
8,0270
T+ 7330
Te3563
609116
664207
58924
53208
4,7029
4o 0457
343574
2:5436
1.9091
1.1585
0.4008
~06 3612
-1s1205
~1.8713
-2.6C77
~303241
~4,0149
40,6748
-5,2987
-5, 8818
=6:4196
-6+9080
~T+3430
77213
-8, 10400
-8.2966
~8:4890
-8,6158
-8, 6759

N

7649
-15.9
34,5
25846
27041
335.4
3178
23447
157.2
20.9
-27.C
65,0
-312,7
-381.3
-2T4,5 -
~48243
-530,4
~486,8
-487.5
-412.1
-481,0
-501.6
-403, 0
-289.9
~12845
-167.5
-280e4
-248,3
~307.3 ~
~463.8 -
~435,3 -
~445, 4 -
~439,5 =
42002
-395,6
-12743
_706
-4841
-2407
-75,0 -
-58,9 -
2646 -
180.4 -
229.3
2880 4
328,53
365, 5
387, 8
50241
437,38
409,8
4TTe4
42304
498,2
56503
4858
373,3
23642
19400
187.3
12641
3242
117. 9
25249
391,9
34103
23642
203. 7
59,3
-22,0
5149
59, 9

M

=63
—6e7
~7.0
=Ts5
-3 7
-11l.7
~7s2
1.0
~12.9
~4T.2
~4443
3607
85,3
-2.8
129, 4

-154.8

-85,6
=21s0
1.6
Tis6
193.5
29246
343,06
321e4
213.2
15641
11366
-4T7.8
2111
350.2
4106 0
408.6
180, 4
~4541
2684 4
437.6
369,8
23342
51l.3
10661
18244
194a 7
109,.1
59,8
123, 3
2809
~573

~43e2

0.6

847
~4sl
=90
~6e 0
—4sl
~4e3
=405
~4s2
=400
~400
=359
-39
-3,9
~440
—451
~402
~4e 4
~4,5
~4q 7
459
=542
~5.5
=569

STRAIN
(IN)
~0.0301
~0e0001
-0,0001
-0 0200
-0,0001
=2.0001
0.07%00
020001
-0,90061
-0.C0C38
~0.0008
0.0006
0,0013
~0.0002
-0.0024
~0.0029
~000017
-000006
-0,03C2
00010
0,0031
Q0948
0,0060
0.0059
0.0036
0.0026
00018
~0.0009
-0+ 0045
-0.0l64
~0s 0154
=0.0113
~Je0024
00034
0.0105
060131
0.,0081
060040
000009
=0.0019
=0.0032
-0.0034
-0.0318
00011
0.0022
00206
-0 0308
~0.0206
0.0202
Ua 0003
00001
Ue0J0CO
0.£001
VaUJUL
00002
0s 0001
00001
0s 00CO
0.0000
Ge U000
=06 0000
~0e0000
=0e €300
00000
0.0001
0.0001
0,09000
0. 0000
-0.,0001
=0.3001
-0.0001
-0.0001

155

STRAIN
(QuT)
G.0001
00001
0,00C1
Us0002
0. 0303
00003
00203
0.00C1
00002
0.0008
0,0007
~Ga0007
-0, G016
-0+0001
U 0021
00025
2.0012
0.0091
-0.0002
=0+0014
~0.0036
-0e0053
-0,0066
-0 0062
~0,0027
~0,0028
-0.0321
0.0007
0a CO52
0.0206
0.0167
Ca0137
Us 0023
~0 0037
-0,0108
-0.0133
-0.0081
-0.0041
~0.0009
Co(0Ol8
00331
G.0034
0. C019
-00009
~0. 0020
-0.0004
0.0011
0.0009
00002
Gs COCO
Gs 0002
0.0004
G.C003
0s0003
0.0003
026003
0.,0002
0. G002
0,0001
00001
0, GOO1
Ue0001
Ue0001
0, 0002
0.0002
0. 0002
0,0002
00002
0, 0001
0.0001
0.0001
G 0001

LAYER



WS WN =

J= 230

TOTAL ENERGY INPUT (INs-LBe)
KINETIC ENERGY (INe=—LBs)
ELASTIC ENERGY {INe~iBs)

TIME= 0.0006923

PLASTIC WORK

(INs=LBs)

926,700
5820999
165,050
1784650

NO FORCING FUNCTION IS ACTING DURING THIS CYCLE

v

0, 4246
1.1828
1.9314
206645
3, 37¢3
4.0611
407133
5.3288
509030
60 4283
6 897C
73103
7. 6756
7.5888
802324
803927
8,4705
80 4735
80 4052
822710
800852
T+ 8635
746180
73580
720741
6+ 7551
60 3987
529955
56 5301
409866
403197
3. 5820
208213
2. 06089
1.3037
0a5460
~Q0e2l42
~Js9749
-1le7334
-2.4848
=3.2198
-36 9257
~4.5919
~542123
~5,79C9
~6+3353
~6s 8403
~7429C5
~7.6776
~80,0035
-802657
~8.4733
-8s611C
~-8. 68106
~B84 6853
~806220
~8.4921
~8.2967
-8,0373
~T.7160C
-7.3351
-6, 8978
- 604073
-5:,8674
-5.2824
~4e 6567
-3.9953
=36 3031
-245855
-1, 8482
~1loC968
~0,3373

W

~B826646
-8,5897
~Be 4480
-8, 2407
~7+9693
- 746355
~T22420
=6 7931
-6,2925
=5. 7409
~5.1404
~4,5004
~3,3319
~361374
~2+4155
-1.6707
-0,93128
~-0.1510
0.6079
1.3577
200966
20 8255
3.5466
402627
429697
5.6615
603350
609814
Te 5852
B.1216
Be4G14
846823
87299
8, 6781
8,5901
85095
84571
844157
853433
8s2173
Be0163
7+7296
73600
6.9178
604219
5.8888
563182
4.7C35
400472
323585
2. 6446
1,9103
1. 1609
0s4023
~0.3596
—1.1189
-1.8698
-2+ 60063
-3.3228
~4.0137
~40 6737
-502976
-5,B807
-60.4184
-659066
~Te3414
-7.7195
~840379
~862942
-8.4863
-8.6127
-B:6723

N

338.2
269.0
14649
19.8
-203.3
-32069
‘216.0
~169.2
~365,0
~435.3
-205,1
~15660
-38.8
45,6
~1604
"‘O. 1

L 13,4
~4069
12.8
~4549
~6Be4
=35, 7
~-95,8
~3356
-225.6
~228s1
-38.2
~13243
~48,9
~53,5
-187,1
~19. 4
37.8
96.7
188, 7
24001
13441
139,5
103,.8
13249
550
12.6
90. 8
134,38
2707
343,0
38642
361.8
23063
234.7
21651
218,65
3214
291.9
302.2
4171
4776
485,6
439, 4
371.0
368. 8
28ls6
235,1
257.1
22749
272. 4
239.8
191.7
23545
183.7
20663
33%:4

M

-6e 9
-Te1
~Tel
-8e66
~11.9
-11.1
~0e4
1s7
-31.7
-563.3
-11.8
80e2
63.2
-63. 6
-151¢5
=130.1
~5348
-36e8
=10
10408
2214
3150
349.1
28168
2l4e 4
188.6
94, 2
-67e6
~213e7
-350.2
~43640
-371.2
~29408
~23.0
212.2
391.7
39804
26%s 4
F4a8
~79%4
=181e9
’19309
=147 3
-12.1
12103
91,9
=30.0
-69 1
~21.0
1361
be b
-9s0
-89
-4e7
=420
-4e b
~-4e7
~4e5
-4 3
~453
—4e 2
~%e2
~4a3
~4e 4
~4eb
4o 7
-4.8
-5a1
-5e3
-546
~6s 0
~-6e5

STRAIN
(1)
0 0000
=0.09000
-00001
=3 0301
-3«5003
-0 0003
=3.0001
=0.900C1
~0e G007
-0.0013
-0,0003
0+0013
0.0011
-000011
‘0'0026
-0.0022
-0.0011
~-0.0007
~0.0000
0.0018
0.9238
0.0054
0.C066
0.0953
00036
000031
0.,0016
-040012
—0e 0044
-0s 0162
~0.,0158
~0.0104
~Q0e 0042
00041
0,0098
Ge0124
0.01G2
0. 0047
040017
~2.G013
~0.0031
-0.0033
-0.0025
~0e30202
0. 0022
G.0017
-0.0004
-0.0910
-0.0003
00003
0. 0002
-0,0001
~0.0000
0. 0000
0.0301
0+ 0001
00001
0.0301
0, 0001
0,0001
0. 0001
3. 00GC0
0.,0000
0. 0C00
0,0000
J+ 0000
0,0000
~03,£200
00 23G0
~0e00G0
-0, 2000
03000

156

STRAIN
{ouT)
0e 0003
0.0002
0,00G2
0s 0001
G.0001
s 000C
-0,6001
~G.0001
0. (004
0.0009
0,0001
-0 0015
-0,0011
0.C011
0.0026
Co(023
0.C011
0.0006
0.0030
-0, 0018
-0,0039
~-060055
~0.C068
-G 0054
-0, 0038
-0.0034
-0.0017
0.00G11
0.0051
0.,0208
0.0173
Ge0102
Gs 0045
-0.0039
=0. 0096
-0.0124
~Ce0101
~0s G046
-0.0016
C,CQl4
L.0032
0.,0033
0. 026
G.0003
-0.0020
~0e 0014
Ce0007
0.0013
00005
-0.0001
Gs 0000
0,0002
0.0003
0o 0002
0.0002
0, 0003
09,0003
0,0003
0. 0003
0,0002
Ve0002
0. 0002
0,0002
0s 002
0,0002
0.06002
0,C00?2
0,0002
00002
V0002
0,002
00023

LAYER



NOo~NCWHWN e~

J= 240

TOTAL ENERGY INPUT {INe.-LBs)
KINETIC ENERGY (INe—-LBs)
ELASTIC ENERGY (INe-LBs)

TIME= 0,0007224

PLASTIC WORK

{INa=-LB,)

[T TR I}

9260 700
571.158
170.525
185,017

N3O FORCING FUNCTION IS ACTING DURING THIS CYCLE

v

0o 4272
1.1851
1. 9335
20 6665
3.,3780C
4, 0622
4o 7144
523303
5. 9039
64257
66,8915
7:3073
T 6770
7. GEBT
802249
83782
8e4526
844517
8,3773
802394
80,0539
7+ 8360
765970
7. 3428
7. 0615
607483
6s 3991
509989
565359
409936
4,3268
30 5865
268290
20689
1. 3126
005563
-0, 2020
~0a9623
-1.,7206
-2: 4726
-3,2055
-3,9186
-4 5884
-542119
-5, 7888
—663271
~6,8258
-7, 2838
-Ts6T46
-8,0002
~862650
- 304687
-8,6072
~8. 6783
-8,6820
-8.6189
~844892
-8s 2940
-800348
=T+,7135
-7,3328
-6, 8954
~6e 4049
—54 8650
-5.2799
~ 4o 6541
~3.9925
~3¢30(3
-20 5827
-1l.8454
-1. 0941
-0, 3346

W

-~ 86602
~Bo5848
~8e4426
=80 2348
-T7.9626
~7.6278
~7.2338
~6,7853
-642837
~5.7286
-5.1255
~4s 4871
-3.8209
~3,1257
~24014
-l.€551
~0, 8969
-0s1351
006232
1. 3725
21116
208419
3. 5€55
402839
409621
526869
6o 3642
7.,0128
To6184
8, 1563
845263
8, 71806
BeT7662
8.7083
826136
B8e5205
B8o4458
8.3957
8.3205
8+ 1970
80031
TaT243
7.3611
609233
664257
5. 8866
503141
4o 7023
4,0484
343596
206453
1.9111
1l.1620
0s4035
-0,3583
-1la 1174
-1.8682
-2 6046
~3.3211
~4o0119
~4s 6719
~5.2958
-5.8789
~€s41606
~669047
~T63394
~T.T173
-8,0355
~8:2514
-8s4832
~8s 6031
~8,6683

N

~35.2
~182.0
-163.1
-102.6
~14062
-1606.2
6la6
16345
2558
283.9
187,8
113.8
62.1
4244
100.2
32.0
~72. 6
~28+9
19.6
264 4
4912
588.2
6418
40067
415, 0
4345
36543
399.1
20265
110.1
56,1
~79.6
- 4861
T1.6
158.9
165, 8
186,8
289, 6
437,2
43849
301.8
16348
93,0
2129
-30.9
1201
~5a2
~T7262
64,1
4oV
11.0
-28:4
~4a2
19.7
-71l.6
~121s.4
2248
65.6
97. 8
180.7
1944 4
2649
29440
287.0
35169
28442
20620
135.6
12.9
-77.3
-167.8
~-75:3

M

~7s2
-7+ 0
~Te5
~1llel
~1l4s2
~620
Te &
-10.5
=60, 8
=554 9
4066
95. 6
12.4
~109.6
~146+8
-101.9
—-6669
~554 0
1865
134.8
24964
329%9.2
33649
25446
24343
20049
594
~Tle 6
=2224.9
=362.3
-427.8
-331.8
=3244 6
~28a1
168.1
317.7
42348
3l4e1
13447
~4246
=172, 7
-203.1
-162.2
~71le3
T4e7
133.9
30.4
~73.3
-56,3
40
16,5
~3e3
~12e1
=763
~3a7
~4e2
~b4e 3
~448
~4s 5
—4e5
4o 5
—406
—406
P
-409
~5:0
~5e 2
-5.4
~5e6
=569
=6,3
-6s8

STRAIN
{IN)
~0.0002
-0.0002
-0,0002
-J3.,0002
~0,3003
-0.00302
0, 00601
-0+0001
~0,3009
~0.0008
0.0008
0.0017
0.0002
-0.0019
=0,0025
~002018
~0.,0012
~0.0010
0.0003
00024
00 0045
0.0061
0.0069
00050
0.0044
040336
Ja0012
~0,03011
-040045
-Je0163
~0, 0155
~0.0107
-0.0051
00040
0. 0090
0.0111
0.0121
G055
G.0025
~0s00006
-0.0029
-Ue 0034
~0.0028
-0.,0012
0.,0013
00323
0. 0005
-3s0013
~0.0010
0.0001
Je D003
-0 0001
-0.0002
-0, 0001
~0,0001
~0.0301
-0 0301
-000001
~0s 0000
~0,0000
=0. 0000
0. 00G0
0.00060
0, 00GL
06,0001
0,00C0
=0 0000
-0, 0000
-0 0001
-0s0001
~0,0002
~0. 0002

157

STRAIN
(GuT)
0,00C1
0. 0000
0,0001
00001
0, 0002
00000
~0s 0001
0e 0062
Ga0012
G. 0011
-0.0006
-0, 0016
-0 0032
G.0019
00026
Ga0018
G,0011
0,0009
-0.0003
-0,0022
-0e 0041
-G.0055
-0,0063
-0.0048
-0, 0040
-C. 0033
~0.0009
0.0014
0.0054
Ga0211
0. 0172
Cs 0104
0eCO51
~0.(038
-C.0088
-0, 0111
~U.0118
~0.0053
-0.0021
0.,0009
e G031
Ce0036
Ca0028
02,0012
~0.0013
-G,0023
-0.0005
G.0012
0. 0009
-0.0001
-0.0003
Ce COGCQ
020002
0. 0001
G»0000
C.00C0
0s 0001
0.G001
0. 0001
G.0001
0.0002
0, C0O02
00002
0002
0.0002
C.0002
0. 0002
(20001
Ce 0001
00001
J.0000
0., 0001

LAYER



O 0N P WA e

J= 250

TUTAL ENERGY INPUT {INe-LBs)
KINETIC ENERGY (INo-LB.)
ELASTIC ENERGY {(IN.-LBs)

TIME= 0.,0007525

PLASTIC WORK

(INo~LBs)

0o

926.700
560e 743
175516
190.441

NG FORCING FUNCTION IS ACTING DURING THIS CYCLE

v

0s 4255
1, 1876
la 9361
24 6689
3. 38C1
420640
4o T1E3
563325
529038
64214
608867
743072
Ts 679C
7.9863
8,2152
8e 3638
8,435C
80 4281
843477
842073
860230
74 810C
75777
T« 3259
7.0493
607438
603596
620030
50 5421
500002
493332
3.5%617
2.8357
20 C756
1.3203
O 5657
-0a.1996
~0e 9498
-1 7C74
~2+4594
~3.1577
‘309101
~4+5836
~5¢21C2
-5.7379
~603215
~648189
~T1:2744
-Te 67C6
~-7e9981
~8.,2613
- Be #€38
~8.6031
=86 6750
-8,6788
-8, 6156
-8. 4861
~8.2910
~-80318
-7. 7106
-723299
~6e 8927
-60,4023
~-5.8626
~5.2776
~40 6519
=3,9905
-3, 2983
-2+ 5807
-1.8433
-1l.091%
-0.3323

W

~B8:6559
~ 805800
~8e4374
~£e2289
=76 G555
~F+6195
~762259
-6 1776
~6+2735
-507144
-5, 1111
—4,4157
~3.8106
~3,1133
~203865
~-1s6391
«0+8804
-0.1184%
Co 6394
1.3883
2,1277
258594
3,5852
40 3043
5.0143
50 7124
6e 3923
Te0429
Te 6531
8,1885
85584
Es 1542
8, 7966
84 7404
Bs6384
845329
€44403
Be3774
8, 2975
81752
79872
Te7172
T«3611
60 9279
6e%313
5. 8875
5. 3104
446958
40 0490
3.3612
220462
l. 9118
1.,1628
Co 4045
~Ca3574
~lel165
~1o8671
«~2+6035
-3.3198
~4,0105
~4,67C3
~5,2940
~5,8769
~604143
-6. 5022
-7.3367
-7.7145
~8,0325
"802883
-8+4799
-8, 6056
~B.0645

N

24342
27646
301.1
210.3
245+ 4
24256
190.6
192.4
204
133.6
152+ 86
2100
2376
399, 4
49941
534,7
538+ 7
541.8
55209
431a7
41266
4£3,1
35445
3040 7
177-1
139.0
220.1
21648
24545
2676 5
18865
1937
1199
165
107
~9%s 8
=496 2
-1943
=139, 7
~15443
~105.9
-100. 2
~14Ta0
=182+ 5
~216s06
“~50a7
18.0C
~80e4
-27+0
&4, 8
29.5
~-72. 1
-102.7
~T70.8
~87« 2
=197s9
~240.0
~194. 8
-284,0
=351. 4
-317s6
~44645
=559, 5
~487.8
-368.8
~374e2
~364.7
2036
-12%3
~8067
151
173. 4

™M

~Te5
-7s1
“Fe %
-15s1
=13.0
407
Ta7
~-39,3
~T8s 7
"‘15.7
85. 8
72.9
~43.8
=130+ 8
=125:.9
~89,.5
~88e 4
=5446
44e 7
16342
27906
3384 4
30166
2752
267s1
18140
486 8
~84.6
-237.5
=367e4
~40004
~419.8
-271.5
~98.0
12947
276s4
43245
34622
179.9
~4.,8
~1484%
-21325
~180e5
-133.9
las 6
13065
93e2
=395
~88.3
=250 7
2244
10.2
~11.7
~12s1
=50
“3.4
~4,8
=52
-44 8
~4s 6
~ha b
~b o6
~4s 7
-4e8
~560
=561
“5e4
“5.7
~6s 0
—-6e3
~6e 9
~Teb

STRAIN
{IN)
=0 0200
~0.G300
=0 0000
~0.0002
~0eRIC1
Je 2202
03202
-Ge CO06
=3+C013
=0s2002
0.0015
Ge0I13
-J.0007
-3, 0021
-0 0019
~Ue0013
-0+0013
=0.00067
Ga0310
0, 0030
0.0050
0. 0063
0.0062
0.0453
G 0047
D.0032
0. 0209
~0.0014
~Ja 0047
-0.0163
~0e0150
-0s.9011%
~0e0042
340027
00083
040103
Os0126
0.00b4
0.0330
~0e0002
~00026
~3e0037
~0e0032
~0.0019
Je 3001
06022
0,0017
-0 0007
~3.0015
~0. 0004
030304
Ge 0001
-0, 0003
~0sU002
-0, 0001
~0.0002
~0e0302
-2 0002
~04000C2
~0e0C02
~0s0302
~0.0003
~0s0003
~0s0Q03
-0.0003
-3 0003
~Je0003
~0e0002
=00 GNC2
~0,0002
=0.00C1
-Ue €201

158

STRAIN
{oumn
C. 0002
0.G002
0. 0003
060003
we 0302
0e 0207
-;80001
G 00U%
GaC0la
J,0003
~6.0014
-0s 0012
ve0J09
00024
Ce 0024
0.0018
0.0018
00012
-00005
-0. 0026
-G.0047
-0+ 0058
~0,0058
=0.0052
-0, 0045
~0.0031
~0e 0008
GCe 0015
0,0057
06,0212
C.0168
D.0118
Ce C043
-0+0026
-0 0032
~0,0105
~0s,0126
-0.0065
-0.0032
00000
0.0025
0. (036
G.0030
060017
-Us 0004
~0,0023
-0,0017
0-0006
G.0015
Gs 0005
~0.6004
~0.0002
G, 0001
00002
- 320000
-0, 0000
-0.0000
~0+00C0
~0e0007
-0.000C1
~(e G001
-0.0001
-0, 0002
~G,0001
=0+0001
-0,0001
=0.0001
C.0000
0. 0000
0.L001
C.0001
0, €002

LAYER
1

W



W ~NOVN W

J= 260

TOTAL ENERGY INPUT (IN,-LB,)
KINETIC ENERGY {(IN.-LBs)
ELASTIC ENERGY (INs-LBo)

TIME= 0.6007826

PLASTIC WORK

{INo~LBo)

wonoa o

9266 700
551+ 519
1800151
195,029

NO FOGRCING FUNCTION IS ACTING DURING THIS CYCLE

v

04327
1l.19C6
l.9388
2: 6713
3. 3820
420658
4a 7188
503343
569018
64164
be 845
7. 3092
7- 6801
To9811
802041
803494
84157
804019
803168
8o 1749
79933
Te 7864
705583
743086
7. 0389
60 7403
6040062
6. CCT76
5:5479
500056
403357

3,6035

20 8427

243826

1s3280

0 5755
=0.1792
-0-9369
-1.6938
-2.4457
-3.1853
~3.9008
~4+5785
-5.2083
-5.7877
-6, 3190
-60 8101
~7e2632
~Te 6642
-7+ 9964
-8:25%90
-8,45%94
~8+5986
-8,6T16
~B8s6761
~8e 6129
~86 4835
~8.2886
~8s0295
= 7. 7084
~703278
= 6. 89C5
~604000
-5.8602
=5.2750
~45 6492
~3,9875
-3.2951
~2.53774
-1, 8400
~1.08E5
-003291

L]

-8.6513
~86 5749
-B8.4318
-8,2223
-7.9475
-Te6ll4
-7.2187
—6.T7694
~6e2609
-5, 6989
~5.2576
~4e 4649
~36 7993
-3.0993
-2e3797
-1e6227
-0.8637
~-0.1019
006553
la 4037
201437
28770
3. 6041
4e 3240
520367
507378
664196
7. C726
7.6806
802181
B¢ 5857
8.7856
€ E260
8.7714
846649
805455
8.4411
843615
802752
8.1526
Te 3697
TeT7081
Te30602
6s 5316
664368
5+8909
5. 3C85
4069061
40 0484
343629
226478
1. 9130
Loel641
Ve 406C
-0e3558
~le1l148
~1l.8654
=206C19
-3.3182
-4, 03089
~4+6688
~5.2926
-5.8754
~be4l128
~ 60 9006
=7.3350
-7.7126
-8,0303
~8.2858
~8.4769
~8.6021
~Bs66C4

N

=121.1
~7567
-13.7
15.5
177: 6
333,1
43545
45443
398,9
429. 6
46€0,9
477.3
422.0
316.8
257.3
242.8
21667
142.3
125.5
T7.7
506 4
181.1
281. 6
40%9.0
34848
23047
=55,1
-243.7
—218e 2
-298,.1
=332.90
=503.7
-543.9
=425 4
~283¢6
~159.4
=103, 5
~64.9
=83 2
-173.2
-250.0
-189. 7
=212e1
-190,7
=98. 6
-149,9
-172.5
~-141.7
=247.0
=271.8
-29449
~469.2
—45le %
=365.7
~450,3
=415.4
=27769
~220e 4
~336.9
~418e9
-260.2
~229.1
~320.7
~248.7
-160.9
-140.7
-162.0
~88. 5
~97.4
~16665
-129.7
~187.7

M

~609
=74
-13.3
-17.9
—4ol
15.8
~10.4
~Ths 6
=658
4let
99,0
25460
~B8be 3
-126.4
-103,0
=101.5
-103,5
~38s 3
68,1
197,.4
305,1
324.8
284, 7
315.2
2677
1576
50,0
-108.4
-255a &
-346,.3
=413, 0
~41643
~243,9
-143,8
5667
2917
3966 4
365.3
2266 6
3762
-120.0
-211.7
=207.9
~127.6
=277
91l.5
137.6
26.8
=91.3
=700
Yol
27.1
=204
~l6a7
~ 92
~3a0
~3.9
~5a 6
=54
—42 9
4,9
-560
=541
~-5e2
=504
~506
-5.8
—bol
=603
-be 7
~Ts &
-7.7

STRAIN
(IN)
-0.0002
-2.0002
~0. 0003
~0e0003
=0.0200
0. 0004
G000V
=0.0011
-0,0010
0. G309
0., 0019
0006
-0,0013
=0.0021
~0,0017
-0.0017
-0,0917
=0.00Co
0.0012
0.CD34
D.0053
0. 0060
00059
0.0G61
000348
Go 0028
0.0C08
~0.0520
-0.0052
—(0.0162
~0.0154
-0,0123
~0.0040
0,0017
0.0069
00105
0.0119
0.,0078
0.0039
0.0006
-0.0022
-040037
-0e0037
~040223
-0 G005
0.0015
0.0323
0 G004
-0.U017
~0s03013
G.0000
0.0003
-0,00C2
-U.L0Q05
~0. 0004
=0.0002
-0.00G2
~0.0002
~0,0002
-Q0e0003
~0,0002
=0.0002
-0,0002
~Ua 0602
~0.0002
-0.0002
-0.0002
=Ja0002
~-0.0002
~3e72002
~0.0202
~G,0302

159

STRAIN
(0uT)
C.0001
C»0001
0, 0002
G.0003
00001
~0, G001
0.0004
040015
G,C0L3
~0,0005
-Ga CC15
-0.0002
00,6017
0. C023
G,0019
0.C018
00019
Ge0COT
-00C011
~(e L34
~04 0052
~0,0057
-0.0056
~0,5058
~0.C045
-0,0326
~GCe 0609
¢.0018
0e 0058
0,02086
00168
0, 0117
G,0035
-0e 0020
-0,0071
-0,0108
-0, 0121
=0.0079
-0.0040
~0eGOQT
G«0020
0. C036
G2 0035
0.0021
0.0004
-0,0017
-(,0025
—0s 0005
0,0015
0,GO11
-0,0603
~0. 0007
-0, 0002
00001
-0,0000
=0.0001
-0+G001
~0. 0000
-0.0001
-C.0001
-0,0000
-0.0000
=0, €001
~0e 0000
{«000C
0,000N
00000
Cs00C1
0, 0001
0.C0O0C
U»0G0O1
C.,0000

LAYER



R R I U Xy

J= 276G TIME= 0,0008127

TOTAL ENERGY INPUT (INe-LBo)
KINETIC ENERGY (INe—LBo)
ELASTIC ENERGY {INs=LBo)

PLASTIC WORK

NJ FORCING FUNCTION IS ACTING DURING THIS

v

Qe 4367
1.1946
le9427
20 67417
3.3849
4. 0689
40 7221
523349
5. 8979
be 4122
6. 8845
Te 3113
76785
7. 9735
8, 1927
Be 3345
803643
803743
8.2851
8.1428
7.9658
Ts 7641
725374
702931
7. 0304
67374
6o 4025
6sG129
55539
5. 0121
4e 3469
3.6100
2+ 8492
2.9891
1, 3350
0s 5841
-0e1689
-0e 9245
-1.6804
-2+4319
-3.1724
~3.8907
—495727
~5.2064%
-5.7873
~ 663181
~6.8044
~7+2520
-7.6548
~7+9937
~Be 256
~B8a4567
~Be 5943
~ 8. 6683
-8.6740
-8. €110
~8.48l4
-8 2866
-B.0276€
-7« 7065
~7.3258
- b, 8884
—653978
-5, 8577
-502724
406463
-3, 5844
~3.2919
~28 5740
-1e 8363
-1+0847
-0s 3251

W

-8s 64567
-8,5698
~8.4257
‘802146
~T1: 9387
~T+ 6034
~Te2ils
-6+ 7589
-6, 2456
~5,683¢6
~5,0859
~%e 4549
~3, 7875
-3. 0851
~223554
~1.6068
-Co B473
-0.0857
0.6709
l.4192
2.1602
248948
306222
493437
5. 0588
507621
6o 4465
7» 1012
77096
802478
846205
8a6142
Bs B575
8.8C03
80 6906
845613
804453
£03484
802543
81294
1. 9508
Ta6971
73579
645351
624424
54.8960
5+3C96
446933
40,0468
303646
20 €504
1,9149
lel656
Ue 4C75
~003543
~1.1134
-108641
~206006
-3,3171
-4,3079
~4,6678
-5, 2916
-5:8745
-6,4119
-64,899%6
~T63338
-7, 7111
-8.0285
-8,2835
- Bo 4T42
-8.5989
-Es €565

(INo-LBo

N

38s.1
-81'8
~1.5
80. 1
~12,9
~78.0
~-189.1
-219.0
-208,1
~178a 4
-216.3
~198. 5
-14648
-140.6
-5.0
6402
55,0
-22.7
=187.3
=173.8
~22965
~221e7
=185, 7
~221a3
—205. 8
-202.0
=228.0
‘26007
=363.3
-308,7
-201.9
—-208,3
-53.0
-123,6
=195.1
-132.6
-217+6
-165.3
~26429
=411,0
~499, 7
-537e2
~41245
-330. 6
=357.3
~32803
=361, 5
~440,0
~365¢90
—350,2
-37401
-254,8
-241ls.4
=171e7
~14841
=199.0
-10.1
204
=129.4
—~92s 4
~35,1
25+ 8
27s9
6541
10845
92.7
9. 5
~-69,0
89.1
155 6
12345
98,8

oo

)

M

-6.3
-10s1
-19:2
“l4e7

12.3

l4a.6
-48, 0
=92,2
~18,6

B86s2

7.1
—26a1

~104.,9
~10669
-102. 7
-123e7
~101.3
-21e8

9666
235.0
31J.9
2944, 8
316.8
327.7
25865
155,.,2

32.3

-128.1
~25%.1
-343,6
-440s 2
-376,0
28627
-148,4
545
278+ 8
353.1
382.9
269, 2

8842

~80.1
-2021.0
=22903
~1604 3
~53a0

49 9
i33.9

94al
=516

-106.8
=29,.1
34a4

17.2
~15e06
~16.8

-5a2

~20 %

=302
=64l

~5e 3

=562

=504
=565
=5,6

-5+ 8

~6a0

=6e2

~be 4

—6.8

~Ts5

~801
~7e5

926. 700
543,071
1852424
1984 205

STRAIN
(in)
-0.0001
-0 0002
-0.00C3
-0 3002
Us 0002
00002
-~0.0009
-0, 0017
~0e0004
00014
0,0012
-3« 0005
-0.0019
-0,0019
-0 0017
-020021
~0.0017
-Js 0004
0.00186
00047
040053
0e0953
00062
00060
00084
000206
0+0004
~0,0023
~040053
-0.0162
=0, 0159
-0.,0114
~0.0245
0., 0018
0.0061
0,0103
0.0111
0.,0089
0.0045
J.0013
-0e0018
~0+23037
-0e0041
-0.0029
~0,0011
0s 0007
0,0021
0.0014
-0,0011
-0,0020
-0.0007
000005
0,0002
=00 0004
-0 0004
-0.0002
-0.0201
-0.00C1
-0. 0002
-2+ 0001
-0.0001
~0 0001
-3¢9001
~0.0001
-0.0001
-0,0001
~0.0001
-0, 0001
=0.0001
-0, 0201
=3 J0G1
-0.00C1

160

CYCLE

STRAIN
(ouT)
G.0001
0. 0001
Ga0003
0.0003
-G 0002
-G« 0003
0. 0007
0e 0015
Go0002
-0+ 0016
-0.0014
020004
C. 0017
C.0018
0,0017
0.C022
0.0018
0 CO04
~3.0018
-0.0041
~GsC0O55
-0,0053
-0 0632
~0,0063
-G+ 0046
-0,028
~0«0007
040021
0+ 09057
00,0206
00173
Ce0111
00045
~Ge 0018
~C 0062
~0.0106
-0e0114
~-0.0092
-0.0048
~0.0017
0.0013
020032
Cl.LJ38
0e 0026
G.G0C7
~0,0010
-0.C025%
~0.0018
00,0007
0.0017
0,0003
-0 0007
—~0,C004
0.0002
0. 0002
-5.0000
0o COOO
00001
0.0000
0e CO0C
00,0001
0,0001
00001
00001
0.0001
G,0001
0.0001
(.0001
Ce0001
0.0002
020002
0,0002

LAYER
1



O~ DN

70
71
Tz

J= 280

TOTAL ENERGY INPUT (IN.-LBs)
KINETIC ENERGY (INe-LBe)
ELASTIC ENERGY (INe-LBe)

TIME= 0,0008428

PLASTIC WORK

NJ FORCING FUNCTION IS ACTING

v

Jdo 44 C4
l.1982
1. G46C
206774
3.3€75
440724
46 1249
563337
50 8937
644104
6o 8867
7,3131
T« 6756
Ts 3660
801823
8o 3187
863715
803457
8e 2531
8.1126
Ts3407
TeT4l2
75170
72767
740229
697352
64059
600178
565596
500195
403530
3, 6162
248555
2.0958
lo 3424
05922
~0., 15E4
-0.9119
-1l.6666
-204175
-3.1588
-3,8798
~ 425662
~502044
-5, 7877
-6+3183
~648017
~ 702435
~Teb441
-7.,3885
-862592
-8.4564
~ 80 59C%
=86 60646
~8.6717
=8¢ 6094
-8+4795
-8, 2845
-8.0256
~T.7045
- 73237
~6o 8861
-603953
~5. 8551
-552695
—46 6433
~3,6813
~3,2885
~2, 5705
-1.,8327
~1,081C
-0e3214

W

-8+6423
-865648
—-Be4195
-862067
-T.9308
-7e5673
-7+2041
-60 7463
—be 2299
~5:6702
-5 0757
—4e 4446
37747
-3,0706
~2¢ 3403
~1e 5910
-CeB8312
-C.0700
G 6862
14347
2+1768
209121
36401
403640
53813
57868
6a 4739
Ta1296
727386
€, 2786
846490
Bs 8429
B8.8885
808287
8, 7138
845817
8.4511
843392
82355
8:1068
769311
746850
13543
629384
604483
_5.9017
543129
446923
440443
3,3648
205526
1.9167
1.1667
04085
-0:3534
-1e1127
~-1le8634
~2+5998
~3.3164
-4 40073
—4o 6672
-5,291C
-5.E738
-624110
-648985
-7-3325
=-T7.7C95
-8,0265
-8, 2812
-8:4T14
~8,5955
-8.£525

{INe.~LBe)

N

440 4
~25s6
—18660
~209, 7
~187.0
-25202
—~291ls 6
~244%4e0
~3C8e 4
~399,.8
~447.0
~585.0
-631,1
—€31e G
-691,0
~623.3
~-627.3
—-585.9
-491, 6
=419 6
~352.4
~346e 4
-250.0
~109+4
~129.5
~16665
=707
~laTe 4
-160.3
~20le 8
-305a1
-179,2
-287.5
-318.4
=333.,5
-437.6
-270.7
-353,2
—232.3
-132.1
-182.5
~188,8
~184.9
~24200
-152.4
-850 6
-106s6
=202 7
~248e 4
=35.9
5260
69.0
228, 5
168.3
96,0
164.2
39.3
800
169.3
93e7
90. 6
231.2
25102
222+ 1
213.9
4401
~30. 9
37.1
131.2
55s1
=54
41. 8

L T TR | |

"

-6+ 8
-16.4
-22a7
~0s 7
2607
~10e3
-88,3
=749
4Ue 0
99.8
354
~64a 4
~100e4
=9342
-118.9
~135.2
~92a. 7

~4e2

136.6
26103
28866
2360 4
347.9
319.2
2544 3
158a4
=Ja b

~135,1
=244.2
~330.8
~419.3
=350.9
=320.7
~16G.6
2404
188,0
35002
391, 7
3117
141. 4
~51e.8
-190,90
~23849
-196,.3

~82e4

2400
107.2
128+ 7

16,3

-108.1
-82,1

16+ 4

39,5

=1le7
~23.3
~12e1

"'107

=363

=6e 4

~-6s 4

~5.6

-5 6

=508

~660
~6e1
~6e3
=645
~6e7
=7s3

-862

=843

~60 3

9268739
534.123
191.835
2006 737

STRAIN
(IN)
-0.00721
=0.0033
-23.0005
—-2,0001
Je 3004
=0.20G23
-0.0017
-020014
0. 0005
Je0015
0.0004
~0+0014
~0,0020
-0.0019
-0e0024
-03026
-0,0019
~0.0003
00,0021
0.0043
0,0048
0.0053
0e0068
00059
0,0043
0.0026
~J.09001
~040024
-0.0050
-0.0168
~0.0156
~0.0111
-0 0052
0.,6013
060063
0.G086
0.0111
0. 0096
3.C053
0.0224
-0.0010
~0+0034
-0+ 0042
~04G035
~320015
00004
J.0018
0.0021
J.0002
-0.0019
-0,0014
02 0C03
0.000C8
0s 0000
-060004
~-0s 0001
-0, 0000
-0s0001
-0, 0001
-00001
-2 0301
-3 0200
-0.0000
-0, 0000
~0.0000
=0e0001
~00001
-3,0001
-0,0001
~0,0001
-060002
-0,0001

161

DURING THIS CYCLE

STRAIN
(0uT)
0.0001
040903
0.0003
=0. 00OCL
~GaU0Co
C.00C1
0.0014
00012
-0.0008
-0+ 0019
~0.0008
C. 0008
0,0014
0600153
G 0017
040020
0.0013
-0+ 0002
~0.0026
~Gs 0047
~0.0051
~0, 0054
-0.00270C
-0.0061
=00 G045
-0.0028
-0.0000
02,0023
00056
0.0213
0. 0169
0.0108
0 G050
-0.0015
~0sCI66
-0, 0092
-0.0113
-0.0100
~0s G55
~0+0025
00008
Ge(032
U 0040
000033
Ga0013
=-0. 0005
-0,0019
~0.0023
-0,C004
Ge0018
Ca0014
=00 G003
-0,0006
00001
00004
00003
0. 0000
00,0001
0.0002
Us0001
C.0001
Je 0002
00002
0,000C2
Ge 0002
0.0001
0. 0001
G,00C1
0.,0002
00202
00001
0. CO01L

1

LAYER
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54
55
56
57
58
59
60
61
62
63

Jd= 290

TOTAL ENERGY INPUT (IN,-LB,)
KINETIC ENERGY (INo-LBos)
ELASTIC ENERGY

TIME= 00008729

PLASTIC WORK

{INo=LBo}
(IN.~LB,s)

4 oo

9266700
525,303
197, 966
2036431

N3 FORCING FUNCTION IS ACT ING DURING THIS CYCLE

v

064435
1le2011
1. 9485
206756
3.,3903
4o 0757
4s 7259
543307
54 89C5
6.,4110
60 8867
T2 3141
726724
79603
Bs1728
803026
8: 3486
8e31l67
8, 2221
8.3850
749162
Ta7173
To 4982
722672
T7+0162
627346
6e 4050
640227
505663
50265
4,3589
3, 6228
20 8621
201024
le3498
0.5998
-001487
-0,9000
-1,6534
-2+ 4034
-3.1451
-3+ 8685
-4, 5590
-562020
-5, 7887
~663155
~6+8008
~-7+2382
-T7.6338
-7.9802
-8, 2582
-8,4581
-865891
~8s 6603
-826685
~8.6076
~BeaT777
~802823
~8¢0233
-7.7022
-7+,3213
-6e 8837
-603927
-5.8524
-5,20668
~4,6405
~3.9783
-3.2855
-2:5674
-1, 82566
~1.0779
-0,3183

W

~8.6383
~8e5601
~8.4129
- 81991
~7.3251
-7-5929
~741960
-647328
~6e 2160
~5,6598
~5s 0672
~424346
~347623
-3.0570
-2,3255
~1e5749
~0s 8145
-0,0535
0. 7C25
lo4517
241946
20 9300
3.6595
43854
5,1046
548125
65012
701578
T.7682
€. 3083
8s6766
8.8730
B.,9176
B8,8564
8, 7377
806023
844597
8s 3332
8,2192
800849
7.9103
Tab6711
723489
609402
604542
590375
5.3168
406928
4sC4l6
3,3629
20 6535
1.9183
11677
Co4 (92
~0e3527
-1.1121
-1.8628
~2+5991
~363156
—46 2066
—496665
~502902
-5.8728
~604099
~648672
-7+3309
~7.7076
-8 G244
-802787
-8, 4684
- 8s 5920
-8.6487

N

~99% 3
~25603
~448,7
-425. S
~413.6
~406,8
-293.0
=229.7
-134.8
-223.4
-251.1
-14l.6
~251s1
-280.3
=303. 4
~337.3
=322 4
-336.4
-278s5
~220.9
~257.6
=363.1
-346.3
-375.4
-347.,5
—459.9
=512, 0
~40603
—453,2
~432¢3
-355,8
=369.9
-271.9
-241e3

=9443

57
~49.6
2643
14803
8702
139% 4
8501
844 2
7567
4403

23446

35509

376.1

393. 5

22450

182.,7

239 4

218.4

26544

23804

859
~6s 7
278
6007

20240

26342

144,0

123.5

=21.7

-93.9

=554
-100.0
~136.6
~161.9
-160.4
~161.8

~-93.6

M

~1lls0
-24¢7
~167
21,8
231
~5551
~105s 6
26,7
82s0
83,4
~Be0
-80.1
~86s5
-101.3
~139. 8
=136.8
~87+0
2760
17866
25869
269.8
32567
351.0
31665
2560 2
1412
-17,5
~132.0
~259.6
~40143
~381.4
-387e3
=320, 9
~187+9
2762
122+ 0
329.5
401+ 6
339.0
192.6
-505
-173,3
-2444 4
-22245
=~122.2
249
85+ 4
12646
T6e 7
~64%e I
=120.6
~3le6
47,0
2506
-2002
“23.1
~5e4
‘005
~5e2
~Ta 4
—6a4
-5 7
~56 9
~6o2
-6e4
~605
-6 7
-7.0
~749
=868
~Te2
~408

STRAIN
1IN
=0.0002
-0.0005
~J.0005
0.02302
0,0002
-0.0011
~0.0329
=0,0008
0.0014
J. 3013
-0e0003
-0.0015
~0.0016
~3.,0019
~0s 0026
~0.00325
=J.0017
0.0003
0.0029
000044
D4C045
J.G058
0.0069
040057
0, 0043
00022
=040005
-0.0025
~0,0054
-0.0172
-0.0149
-0.0117
-0.0053
00011
0.0065
0.0077
0.0108
0s 0104
040061
0.0033
-0.0000
-0.0030
~0+0042
-0.,0038
-G.0021
00001
0. 0016
00023
0.0015
=% 0310
~2:0020
=0, 0004
0e 0009
020005
=00 0003
~3.0004
-0.,0001
=0e 0000
-2:0001
=0 0000
~0.0000
=0.3000
~0.0001
~30001

~03. 0002

~0.0001
~0.0002
~060002
-0.0002
-00002
~0.0002
~0+0001
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STRAIN
{(JuT)
Ca0001
0.0003
0.0001
-0, 0006
~Ge 0006
0,0008
0.0017
0.0004
-0.£015
-0, 0015
G+0000
0.0013
0.,0014
0.0015
Ce 0023
0.L022
Cs 0013
~Ce 0006
-0.0032
~0e (046
-0.0048
=0.0061
-0.G073
-0s0062
~00 0046
~0s0026
0,0001
0.G021
Ge0058
040215
00163
Ge0112
0, 0050
-0.C012
-0.0065
-0,6078
-0.0109
~0,0104
~0s 0059
-0.0033
0. 0001
040030
00042
0,039
0.0021
0,0000
-0 0013
~0.,0020
-0G.C012
0.0912
Ve0022
UsG200
=0. 0007
~0.0003
0.0004
Ve 0304
0.0001
0. GGLO
0.0001
Ua 0002
06€002
0.0002
0. 0001
0.0001
0. 0001
00001
0,0001
C.0001
0,0001
G.0001
0.0000
0.0000

1

LAYER



J= 300 TIME= 0,0009030

TOTAL ENERGY INPUT (INe-LBa) = 9266 700
KINETIC ENERGY (IN.~1LBo.} = 518e 141
ELASTIC ENERGY (INoe-LBs) = 201,977
PLASTIC WORK {INa~LBo) = 2066581

NO FORCING FUNCTION IS ACTING DURING THIS CYCLE

I v W N M STRAIN STRAIN LAYER
(I (DuUT} 1

1 Do 4460 —B8.6349 =167.0 =-20s5 =0,0004 050003

2 1,2035 =8,5553 ~133.0 -28,9 -0.0006 (€004

3 1.9507 =-8,4062 -5846 3¢5 260000 -0.C001

4 206821 =8,1930 -40. 06 3808 J.0006 ~0.0007

5 33940 -7.9217 1609 -8.8 -0,00G2 0,00901

6 4,0790 -7.5883 =~Tle3 ~98¢7 =0,0017 0.0017

7 407256 —-T.1854 =72s4 —8S5.4 ~0,001l5 (G014

8 53278 -6.7187 51as2 29¢5 000005 -0.0005

S 5. 8857 ~6.2042 1.7 958 0s0016 -0.0017

10 604138 =5.6513 -5%9. 8 48e7 0a0C08 -0,0009

11 608927 ~5.0588 =7566 =382 —0e0007 (.0075

12 7.3140 -—4+4240 ~2e8 =T3,3 -0.,0213 0,0013

13 746658 =3,17503 TleB8 ~83s2 -0.0014 C.0015

14 169555 ~3.0440 le3 ~124.2 ~0.,0022 Q.0021

15 8, 1628 -2,3109 6403 -151.0 —0.0326 0.0026

16 8,2859 =~1.5589 16248 -139,9 -0.0024 040025

17 80 3246 ~0.7981 8404 ~T2e7 -0.0012 0,0013

18 8,2872 =-0,0371 3.3 726 000012 ~0.0013

15 801932 0 7190 ~13.0 199.5 00,0034 00,0935

20 800593 14689 =976 237,00 0.0040 -0.0041
21 7,8910 202119 ~60s2 28403 00,0049 -G.0049

22 Te 6944 209479 ~91.7 344,T 00,0064 -0,0365 #
23 7. 4811 306792 ~183.9 349.0 00,0069 -0.0072

24 742556 404069 ~175.6 325,2 0.,0060 -0.,0062
25 70112 501285 ~20724 2506 040042 -0eC044

26 6s 7353 548387 -100.,1 1l11.4 0.0019 ~0.,0020
27 604118 6.5285 ~51ls 4 =92 -0.0002 0.0001
28 600283 7.1870 ~39,1 =-13%.6 -0,0024 (.0024
29 5.5738 T 7989 =596 =299.3 -0,0059 00006
32 50319 80,3370 ~214e5 ~371la4% —0+0166 060211
31 423648 80 7064 ~112e5 =39006 =0.9150 0.0165
32 3.,6285 8,9026 ~520 =401.0 -0.0118 0.0116
33 26677 849454 -8749 ~320.3 -0,0052 0,0051
34 2,1081 8. 8824 ~3860 —~171e2 040014 -0.0014
35 123551 8,7641 72,5 =39,5 00054 -0.0053
36 0, 6068 806204 17502 13608 040080 -0.0080
37 =001405 Boe4Tl4 134.4 270.0 040099 -0,0098
38 -0.8895 8.3308 2179 404e3 0.0108 -0.0105 *

39 -1l.64l11 8,2050 302,6 349,4 0.0069 -0,0065 *
4C ~2.3899 8,J643 26069 23308 0s0041 -0.0039

41 =3,1314 T.8886 194.3 44,1 0,0008 -0,0007
42 =—3.8565 Ts 6545 24001 =143e4 ~0.0324 0.0026
43 ~4, 5509 7.3408 108a6 =246.9 ~0e0342 0.0043
44 =5.1987 603398 6407 ~24lal =0,0041 0,0042
45 =5,7897 6.4588 2108 =159+6 ~0.0027 0.0028
46 —bHe3216 5. 9132 1915 =-29,7 -0,0G004 0.0006

47 =-6,8009 ~5,3209 29649 72+3 000014 -0.0011
48 =—T7.2346 426944 4117 113a4 060021 -0,0018
49 =-7.6250 400400 260s6 10408 000019 -0.0017

50 =T7.9692 323603 8765 263 0600301 -0.0000
51 =802531 2+ 6533 422 ~116.9 =0,0020 0.0020
52 =8.4596 19200 1969 -91.5 -0.0316 0.0316
53 =3, 5895 1le1692 334 22.0 020004 -0.0003
54 -~8.06564 Qe4104 23101 53,5 06,0010 -0.00C8
55 =8+6639 -0.3516 23302 Os5 00001 0.0001
56 =B8,6050 -l.1ll1ll1l1 180.9 =31,4 -0,0005 0.0006
57 =8.4761 =-1.8620 1058 =-1602 —-0,0002 0.0003
58 <—8.2802 -—2.5982 32,8 Js3 000000 ~-0,0000
59 =8402C8 =-3.3146 358 =le7 =0ed000 000000
60 -Tab6999 -4,0055 ~53.8 =Te3 ~060002 0.0001
61 -T7o31S1 -4.6654 ~5443 ~Teb —=063002 0.0001
62 =-b6e.88l4 -5.2839 -107.4 =60 =0ea0002 0.0000
63 =-663905 ~5.8714 -243.3 ~509 -040002 -0,000¢C
64 -508502 ~6.4C84 =280 3 ~6e3 =0,9202 -0.0002
65 =~5.2645 -6,8955 ~285. D -6sb —040202 -0,0000
66 ~4,6382 -7.3291 ~24904 =607 =0.0002 =-0,0000
67 =30576C =-T7.7056 =203.2 —668 ~0,L002 0,0000
68 =~3,2831 -8.0222 -253,7 ~7e5 =0,0002 0.00CH
69 <=2:5649 -8.2752 -289.7 ~-9e0 =0.0003 G.C00"
70 ~1.8270 -8.4655 -157.5 =86 -0.0202 0.0001
71 -1.0753 -8.5888 -189.0 ~4s 1 =0,0002 —G.0302
72 =0.3157 -B8.6454 ~184.7 =565 =0.0002 0.0007

FIRST YIELDING AT TIME= 0000163

SUMMARY OF ERRORS FOR THIS Jus ERROR NUMBER NUMBER UF ERRORS
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B.6.3 Example 3: A Multilayer Ring with a Tri-Symmetric

Initial Impulse

A 16-inch ID 2-layer ring with the following cross section is analyzed

for the third example (not to scale):

i

Material 1 (inner layer) | .05 in.

Material 2 (outer layer) | .20 in.

N
e B = 2.0 in.-———»1

The stress-strain curve of material 1 is represented by the following

stress-strain coordinates (0,€): (0 psi, O in/in); (40,000, .017);

(80,000, .05 in/in). The density of this hypothetical material is taken to
be 0.00020 (lb—secz)/in4. Strain-rate effects are included by setting

D = .820E+14 and p = 12. in Eq. B.3.

The stress-strain curve of material 2 is represented by the following
stress-strain coordinates (0,€): (0 psi, O in/in) (120,000, .004);
(160,000, .010). The density of material 2 is taken to be .000719 (lb-secz)/in4,
and strain-rate effects are included by setting D = 40.4 and p = 5.0 in Eg. B.3.

The forcing function applied to the ring will be described as 3 equal
impulses, acting 120 degrees apart, each distributed over a 25-degree sector
of the ring in the.shape of a half-sine wave, inclined at an angle of 80°

to the local tangent. The impulse for each sector is chosen to be 1.0 (lb-sec).
Solving Eq. B.4 for VEEZ, using 72 mass points to represent the total ring, one

btains
obtains "W
VEEZ = = i
(2) (RING MASS) (MASSES-1) ~ 1040 in/sec
where N = 72 )
. lb-sec
Ring mass = = ==
g TDB (Hlpl + Hp,) . 0154 4
MASSES-1 = 4 (five mass stations comprise a 25-deqg sector)

This is the peak value of the sine-shaped initial velocity distribution to be
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applied to 3 equi-spaced locations on the ring.

The incremental time interval AT to be used for this example will be
calculated by the program by setting AT = 0.0. Printout is desired every
20 cycles, and the total run will be 200 cycles.

The bond between the two layers will be checked for failure. Assume
that the ultimate bond shear stress is 1000 lb/in2 and that the ultimate allow-

able strain is 3%.

B.6.3.1 Input Data

The values to be punched on the data cards are as follows:

Format
Card 1 3El5.6
R = +0.800000E+01
B = +0,200000E+01
DELTAT = +0.000000E+00 (to be calculated by the program)
Card 2 645
N = 72
NRING = 2
M = 200
M1l = 20
M2 = 20
IND = 1 (the bond will be checked for failure)
Card 3 315
NSFL(1l) = 2
NSFL(2) = 2
Card 4 2E15.6

AFAIL = +0.300000E~01

SFAIL +0.100000E+04
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Card

Card

Card

Card

Card

Card

5a (for the first layer)

H(1)
RHO(1)
D(1)
P(1)

ta

EPSIL(1,1)
SIGMA(1,1)
EPSIL(2,1)
SIGMA(2,1)

+0.500000E-01
+0.200000E~-03
+0.820000E+14
+0.120000E+02

+0,170000E-01
+0.400000E+05
+0.500000E~01
+0.800000E+05

5b (for the second layer)

H(2)
RHO(2)
D(2)
P(2)

]

L]

6b

EPSIL(1,2)
SIGMA(1,2)
EPSIL(2,2)
SIGMA(2,2)

10TA

NV = 3 (three local velccity fileds are to be specified)

Sa

MASSES = 5 (5 mass stations form a 25-deg sector)

[

MSTART

VEEZ
BETA

]

il

at mass stations 1, 25, and 49)

+0.184000E+04 (peak velocity)

+0.200000E+00
+0.719000E-03
+0.404000E+02
+0.500000E+01

+0.400000E-02
+0.120000E+06
+0.1C0000E-01
+0.160000E+06

2 (sine-shaped impulse distributions)

+0.800000E+02 (inclination angle in degrees)
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Format

4E15.6

4E15.6

4E15.6

4E15.6

215

2I5,2E15.6

1 (to be equally spaced, the 3 distributions will start



Card 9b Format

MASSES = 5
MSTART = 25

VEEZ = +0.184000E+04

BETA = +0.800000E+02
Card 9c

MASSES = 5

MSTART = 49
VEEZ = +0.184000E+04
BETA = +0.800000E+02

Card 10 4E15.6

TBEGIN = +0.000000E+00
TFINAL = +0.000000E+00
AMPITY = +0.000000E+00
AMP1RZ = +0.000000E+00

There is no subsequent

forcing function.

The input deck for this example problem should look as follows:

+(,RON000NE+01]
77 2 200
? ?
+0,A000N0E =07
+0,500000E=01
+0,170000F=-0]
+N.200000F+00
+0.,400000F-02

+0.200000E+01
20 20 1

+0.150000E+04
+0.200000E-03
+0.,400000F+05
+0.713000E~03
+0.,120000E+06

+0.000000E+00

+0,R20000NE+14
+0.500000E-01
+0.404000E+02
+0,100000E-G1

+0.120000E+02
+0.806000E+05
+0.500000E+01
+0.160000E+05

’ 3
5 1 +0.184000E+04 +0.800000E+02
5 2?5 +0.1R4000E+04 +0.800000E+02
8 49 +0.184000E+04 +0,8300000E+02
+0.,000000F+00 +0.000000E+00 +0.000000E+00 +0.000000E+00
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B.6.3.2 Solution Output for Example 3

The solution output for this example is as follows:
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JET 2 A PROGRAM USED TO CALCULATE THE RESPONSE (OF A FREE
CIRCULAR MULTI-LAYERFD RING WITH THE FOLLOWING PARAMETERS.-

RADIUS OF RING TO TINNER SURFACE {INes) = 8.000C0

WIDTH OF RING {INa) = 2 0OD0C
THICKNESS OF RING  (1INa) = (25000
CENTROINDAL DISTANCE FROM INNER SURFACE (IN.) = 0.14187

NUMBER OF MASS POINTS USEC IN THE RING = T2

NUMBER NF LAYERS USED IN RING CRCSS SECTIOM = 2

NUMBER OF CONTROL STATIGONS USED IN LAYER 1 = 4

NUMBER NF MFCHANTCAL SUBLAYERS AT EACH

CONTRAL STAYICN IN LAYER 1 = 2
THICKNESS NF LAYER 1 = De35007

NUMBER OF CONTRNL STATIANS USED IN LAYER 2 = 4
NUMBER OF MECHANICAL SURLAYERS AT EACH

CONTROL STATICN TN LAYER 2 = 2
THICKNESS OF LAYER 2 = 0020000
TIME INTERVAL BASEC (ON LATERAL VIRRATION EQUATION = J.,298C08827F-(4
TIMF INTFRVAL RASFED ON LONGITUDINAL VIBRATINN EQUATION = 0,35613893E-25
TIME INTFRVAL PER CYCLE USED IN PROGRAM (SEC) = N6 32969988E~05

LOCALTZED STNE SHAPEN IMPULSE LOADING(S) HAS (HAVE) BEEN SPECIFIED

THE INITTAL VELOCTYITY INPUT IS AS FOLLOWS..

MASS v DOT W DoTY MASS v D07 W DOT
1 0.4117F 02 -0a79C9E 2 37 [$ P} 2.0
2 0.2927E 03 =0.5673F 03 38 Te0 0.0
3 0. 827SE €3 -C415G0F 04 39 G0 Ta0
4 0,2927F 03 ~ND.56273F 03 40 o Col
5 0.4117E 02 -0.7909F 02 41 NaN Cal
6 0,0 QN 42 De 0.C
7 Ga 0 Ce® 43 Cald 0,0
8 0.0 [\ 44 Ta® Qa0
9 Ga.0 Dad 45 Ns0 el
10 0.0 Qa0 46 Nal T
11 0.0 Ne0 47 Cod Ne G
12 0.0 0.0 48 Je? G0
13 0.0 Os 49  -0.89C8EF 32 7 .3B89F 01
14 0.0 0.0 50 -2.6333E 23 Le2765E (2
15 N 0 0.0 51 =-0.1791F 24 Ce7821E N2
16 0.0 0.0 52 =0.6333E 33 Ne?2THSE 02
17 0. 0 Gaf 53 -C.B90BE 02 C»2889F 1
18 0.0 Dah 54 Co0 0.0
19 0a0 Cal 55 Co D e 0
20 0.0 Ne O 56 Ce? D6
21 0a N 0,0 57 0,0 0s2
22 0.0 (AP 58 Ue Co?
23 0.0 Ol 59 Ca3 e
24 0. 0 ) 0.0 60 Do 0 Pl
25 0.,4791F G2 0,7520F G2 61 0a 0 Tal
26 0.34G6E 03 0s5347TE 03 62 a0 Y
27 0.9634E 03 N.1512F = €3 Qs T Ne T
28 0.3406F 03 CaS5347F (3 64 TN Tol
29 0. 4791F ©2 Ga7520F L2 65 Da € G20
30 0.0 Cof 56 AP Ce
31 0.0 Cal 67 A, n Tel
32 n. 0 a0 68 Ced Ge0
33 0.0 N, 0 69 0.7 Dall
34 0.0 Cahd 0 Y60 Def
35 0.0 Gel 71 Ga7 Va0
36 [e PR ¢ 0s0 72 0a.n T2
STARTING TIME OF FORCING FUNCTIGN (SFC) gty

STOPPING TIME 0F FORCING FUNCTION (SEC) = 0,
DURATION OF THF FORCTING FUNCTION (SEC) = ¢
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DIV IS NN-

J= O

TOTAL ENERGY INPUT (IN.-LB,)

TIME= 0.0

KINETIC ENFRGY (INo-LBa)
FLASTIC ENFRGY {IN.-LR.}
PLASTIC #WNRK

ND FARCING FUNCTION

v

N.3551
1.0627
1.7622
?.4483
3.1158
3.7595
403746
4.956%5
5. 5006
620028
6.4594
6. 8668
T.2219
7.5221
77659
7.9489
BaN722
Aa.1341
81341
R. 0722
7+94R9
77650
Te5221
722219
6. B668
644594
64N0218
5. 5006
449565
4a3746
327595
3.1158
244483
1.7622
1.0627
0.3551
~-0.3551
-1.0627
-1a7622
~2+4483
-3.1158
-3.759%
~4,37T46
~46 9565
=-5.5006
—6.0028
~6.4594
-6.8668
-T7.2219
~T.5221
~7.7650
~Tes9489
~840722
-Ba. 1341
-8a1341
~-8.0722
-T7.9489
~T7.7650
~Ta5221
-7.2719
-6.8668
~6.4554
-6.0028
~5.5006
~449565
-4.3746
-3, 7595
~3.1158
~224483
-1.7622
~10627
~0.3551

W

-B.1341
-8,0722
-~T7.3489
-7.7650
-725221
~7.2219
—6e BROHSB
~6,4594
-6.0078
-545006
-4.9545
4,374 6
-3.7595
-3,1158
-2.4483
-1.7622
~-1.0627
-0,3552
043552
1.0627
1.7622
2.4483
3,1158
3.7595
443746
4,9565
5.5006
6.7028
6.4594
648668
742219
7.5221
77650
7.9489
8.0722
8.1341
Ba1361
8.0722
7.9489
Ta7650
7.5221
7.2219
66,8668
604594
6.0028
£.5006
449565
4,3746
3.759%
3.1158
244483
1.7622
1.0627
0.3552
-0.3552
-1.0627
-1.7622
~?.4483
~-3,1158
-3.7595
~443746
-4,9565
~5.5006
~6,0028
~644594
-6.8668
-7.2219
-7.5221
~T.7650
-7.9489
-8,072?
-851341

(INo-LBRs )

YD D200

DDIDOCDODI2OTO0O

@ ® © 5 ® @ © & & © 0 O 4 & O O s W

D ITDODOITIAIVIODLUILDO W IO WD IO DO DL
DD DD OO

wonou o

M

D3 DO

[ S R B ol
® ¢ % g ¢ & O O & 6 © D 6 & O % 6 3 O ¢ & O © G ¢ » & O
DT ANAMDINDTADDD T DD DY DL

DOQUQORLOIDIDTIITIDOISONOC

D IO
@ v @
S ON

MTODHNTIODOMDHIOODDDIODAO DODDODNDL

I EEEEEEEEERERE]

DOWVWIUOLGCOLISITHILUOIU

® % & 8 @ g

<O
Y

0.C

Wi W e
@ & & o @

®
e T N B Wer B Na N G Nl I N e e Yol

CODDOLLOLOOLUDOL

¢ & € @

1322.718
1322,718
(U

0.0

IS ACTING DURING THIS

STRAIN

(INY
O.n

el

3e O

3.0

IO DOBIODDODD O
2 6 @ © ¢ & 5 5 & & 0 O
DDDDOTO DO IO D

[ 2 L
® 8 @
e W=

CYCLE

STRAIN LAYER BOND
{outm) 12 1

L)
2

(S Falw]

el

T DY D DD
© & 6 2 © & O

3D MG MDD

-

[ e e e B

-~

BVODOTDDDOC

DHTODOO

¢ 6 » ¢ o € ® g ® @ ¢ O o O T O 0 f & 6O G S O ©

DDDTAMIDODTDNDIOIIDIDNOSCLOO



DN LS W N

WO W NNV N NN N U N NN ) e e bt el el s s R
AUV IOBIRVCPADIN“ODORDINOAL IN~D

35

3= 5

KINFTIC
FLASTIC

TIME= Q.
TOTAL FNFRGY TINPUT {IN.-LR.)
ENFRBY (IN.-LB,)
ENERGY (INg-LB,)

PLASTIC WORK

NGO FORCING

v

0.3579
1.06T1
1.7691
2.4521
3.1165
3 T6N2
443753
449566
5.5006
6.0078
604594
6.8668
T.2219
75221
77650
729489
8.0722
8.1341
B8a1341
820722
7.9489
7. 7649
745213
72704
6aB661
624658
60212
5.5081
4.9575
4a374D
3.7588
3.11566
244483
17622
1.0627
De3551
~0a3551
-1.0627
-1.7622
-7. 4483
-3,1158
-3.759%
403746
-429565
-545006
-6,0031
—-6.4603
~6.8677
=Ts2240
-7.5329
-7.7903
-7 9602
-8.0740
-8.1342
-8.1341
-B.0722
~Te 9489
~-Ta7650
-7.,5221
~-T.?219
-6, B668
—604594
-6.0028
-5,5006
-4,9565
-453746
-3, 7595
-3.1158
-7, 4482
-1.7617
-1, 0610
-N,3527

W

-8.1350
-8.0821
-T7.9741
-7.7759
-7.5237
-7.2216
-6.REH4L
—6.4593
-6.0028
-5 5006
-4.9565
-4.3746
-3.7595
-3.1158
~?2.4483
~-1.7622

~1.0627

-0+3552
Ce3552
1.0627
1.7623
2.4488
3,1173
37615
43774
429652
525191
6,0115
624608
6aBET2
Ta2223
725222
T« 7650
7.9489
8.N722
821341
fa1341
R.0T722
T+ 9489
TT650
75221
T.2219
6+8668
624594
620028
545007
409550
423724
3. 7576
3.1169
2.4550
17644
1.0629
023544

-0.3560

~-120629

-1.7623

-2.4483

-3.1158

~3a 7595

~4.3746

~4,956%
~-5.50C6

-6.0028

~624594

-6+8668

-7.2219

-7.5221

~-7.7651

-7.9490

-8,1723

-8.1238

QAROOLES

(IN.-LBo)

FUNCTION IS ACTING DURING

N M
370400 672.6
14297.,6 456648
3671.6-2628,.5
1382%.9 344,.4
47294,2 664.2
14167.9 hbat
-159.7 2. €
-19812,7 6543
~2516Ga1 15,3
-15842 Na G
~1.8 Gl
NaN —Ce £
-0eC D0
N0 Ca G
fiall 0a{
-0 Qal
Ve D, ¢
=-Nalt -0
Tsl [ ]
-17.2 -0, 2
1131.6 =10,.1
77121 =59,1
20600, 1 ~133,2
1231547 65,6
37082 67345
14293, 8 466,06
3671.9-262846
13R24, 6 244, 4
4784,7 6£64,2
14153, 9 6644
~159,7 249
-10812,7 65,32
-2519.1 15.3
-158,3 GeS
-1,8 0.0
Ne 0 =~
~ i} GaC
OsN 0.
a0 0,C
=T N 0s 0
Nah Do
=T ~0.0
Dol 7.0
=-17.2 0,3
113146 -=-10,1
7717.1 =59,1
207071 =133,2
12315.6 65,6
37C8a1 &73.5
14293, 8 4bH6,.6
3671.8~2628.6
13824.6 344.4
4294,1 664,2
1419%G.9 1784
~159,7 2e¢6
-10812.8 654 2
~251961 1543
~15843 [
-1.8 Da(
Nal -Ja{
-N,7 el
a7 N C
pry Gl
-Ja0) 0.0
N0 Ja
=-N0 LN ]
Dal 0e
-17,2 -7s3
1131.6 ~-1%.1
T7709.0 =50,1
19997.8 ~133,4
12312.8 66:2

1322.718
1022.071
322.%08
~21.362
THIS CYCLFE
STRAIN STRAIN
{IN) {NUT})
30026 -0,0013
D.2030 =G 009
~{ o DUBS  G,C064
T.0026 [a(N01
(o727 =3a"N13
Je0N1T CL.0008
—0 0600 =, ann0
2 =Ne U009 =0,0 730G
=1 3002 ~0,0002
=1 0000 =02,0500
-0,0007
=G DOCO (5 000
2.0000 -0,0000
00000 -0,0000
Qa0 Cad
CL0UG03 ~0.0000
Ca OOO0 -2,0000
~Ca00UD0 03,0000
N. D000 ~0,C000
~0. 0000 -C.0000
0. 0001 £a.0001
0,72006 0.0007
5. 0016 C.C017
Ca0015 (0307
06,0027 =Ca0N13
G.0030 -0.0001
~C. D085 D.0064
%« 0026 (.0001
0,NC2T ~0,0013
e 0017 00008
~-04 0000 ~Co 0600
-0e0009 -3.0009
~{1, 0002 ~C, 0002
-0,0030 -0,nN000
~Je OGO =0 OGO
-N1.2000 Z.0940
5. 0030 -0.000C
0, 0000 =2, 000C
el Gal
Ge 00ON0 =0 0000
220000 ~C000C
—3.0COC  7L,0200
0 3N0N =L (000
-3.0Q00 ~3.0000
7. 0001  0.0001
N20N06 Cal707
JaN016 02,0017
JaN015 N.CO07
D0.0027 ~0.0013
G4 0030 =0,00C1
-0, 0085 N,0764
Ca026 0.03021
0,0027 ~0aN0013
N,0017 0.0N08
~0,N000 ~0.00C0
~0.00C9 ~CaD009
-0.0002 ~03.0002
-0a 2000 ~CN200
—Ga 0000 ~T,0087
=N NOGT gD
Je OGN ~0,,0300
De CONG =0, DDCG
Qe D el
NN000 =Ng (D
G ONND =N, SO0
=-0.0039 00,0300
S DN ~C L5070
=Ja NONO =0 O
e 2071 3]
0, ND16
CafOl6 Caudl?7
Ve ON1B L0137

LAYER
12

w wn
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DN IAD DN

J= 20

TOTAL ENFRGY INPUT (IN,-LB,}
KINETIC ENERGY (IN.~-LR,)
FLASTIC ENFRGY (IN.-LBa)

TIME= 0,2000660

PLASTIC WORK

NO FORCING

v

N.3658
1.N752
1.7762
224608
3.1194
23,7523
4.3663
4,9511
5.4972
6.0005
644575
648654
7.2709
745212
7.7640
749476
840704
8.1316
8,1306
B.N674
7.9429
7.7568
7.5089
7.2102
6.8767
644916
640410
5.5349
4.9745
4,3781
3.7610
3.1186
7.4507
1. 7635
1.0635
0.3553

~0.3557

~1.0641

-147641

~244509

-3,1188

~3,7628

-4.3787

~4,9601

-5.5034

-640038

-6.4565

-6.8656

~7.2423

-7.5667

~T.8171

~7.9956

-8.0039

-8.1304

-8.1273

-840697

~T7.9479

-7e 7640

~7.5210

~7.2207

648651

© =6.45T1

-6.0000
~5.4967
~-409517
~403688
~3.7524
-3.1074
-72.43G6
~1,7531
-1.0525
~Na 3448

W

~8,1517
-B.1167
~8.0010
~7.8118
~7.5450
~7.2217
~608637
~6.4596
-£.0036
~5.5007
-6, 9563
44,3740
-3, 7582
-3.1137
—2.4456
~1,7585
-1,0582
~0.3499
0.3613
1.0697
1.7690
2.4543
3.1201
3.7649
4.3924
4,989
5.5386
6.0370
644740
6.8605
7.7132
7.5176
7.7625
7.9470
B.0705
8.1326
8.1326
8.0T04
Ta 9466
7.7621
7.5183
7.2171
6.8606
56,4518
5,9943
5.4904
4e 9429
4,3617

3,7592

3,1273
2:4623
1.7749
1,0711
0.3613
-0y 3495
~1.0580
~1.7589
244463
~3,1142
-3,7586
-4,3744
64,9567
~5,5019
-6.0026
—6,4601
~6.8672
~7.2219
~-7,5215
-7.7633
—7.9447
-8,0629
-8,1265

{INe-LBa)

N M

4617.7 121a1
14804 2-1660, 4
4284a4-1175, €
1538,3-1738,2

477449 ~79,1
3155649 1922.5%
6831.3 605,1
10425.,3 -284.6
19783.0 ~242.7
21359,9 ~133.7
795601 -48.1
16933,7 =75.1
13637,1 =-92.C
13024.7 ~-86.°5
98C4,7 =5H%9a.6
15661s1 =1N4.8
1165344 -80.2
12026.9 ~84,3
15647.2 -101,2
16087.4 —-98,5
=815, 7 -102.7
~2314.6 ~220.9
2157.0 584.C
3141.1 1987.4
5303.6 1476

2271e6-166440
4816,8-1183,8
1998.1-1741.7

5151a2 ~-31.6
344645 19205
7045.2 60348
105719 ~285.5
19880,7 -243.3
2142042 ~134,1
7992. 6 -48472
10654,1 -75.2
1364845 ~92.1
1304147 ~86,6
98N08.,1 ~69.7
15662,2 -104a 8
1165441 ~80a2
12027.3 ~-B443
15647,7 ~171.2
16CB7,%7 ~98,5
~-812,7 -102,7
~2314.5 -2720a6
2157.0 S840
3141.1 1987.4
5373.6 14746

2271.7~1664,0
481648-1183,8
1998,0-1741,7

515142 -31l.6
3446,5 19205
T7045.0 603.8
135711 -285,5
19878,5 =243,.,3
21417,3 -134,1
79R8,1 ~48.72
10945,8 =75,2
13634,2 =-92,°C
13217,7 -B6,.4
Q766a9 ~b9.4
15595,8 -104.3
11549,1 -79.5
11849,6 =A3,.3
154217 -98.6
15778.1 ~96.1
~12%6,9 ~17%.¢
-2804,6 =222a4
1595.5 584,9

2531.3 2C19.2

1322.718

725.659
627,827
-3N.768

FUNCTTON TS ACTING DURING THIS CYCLE

STRAIN STRAIN
{IN) {OuT)
10009 (L7000
~0.0084 C,0040
- 3035 n,0930
~0eN05T  Qn042
N,0006 (0004
0.0068 -0,9043
Ged027 -0. 0010
0,0031 (0014
0.0012 0,0018
240017 GeNC18
0.0006  DeT0GT
527086 (,£0C9
NyN011 47011
G010 Le%011
N NGA8 L0008
Ga0012  Ga0N13
2.0006  0,C010
040009  0,3010
60,0012 £.0913
046013 00,0013
~0,0004 0.0902
~0,0010 (.0974
0e9G22 =740012
Na30TO (0044
1.6010 0, G000
~0.0054 0.0041
-0.0035 (.0031
-0.0057 0.C042
G.0004 (L0004
G068 =0 0043
(eN028 =0,0009
040001 Co0014
7.0012 0.7:019
Pe2017 (0018
0096 C,0097
N.0609  N,0000
0.0C11 £.0011
0.0010 0.0011
D.0008 0,0008
00012 (0013
040009 £.0010
0,0009 £.0010
1, 0012 240013
72,0013 G.0N13
~G40004 €.0702
-0,0010 GC.C04
0406022 ~0,0012
0.007C ~C,C044
07010  3,000C
~Go 0054 {,0041
~0.6€35 17,0031
—0.0087  N,0042
00004 €,o,0004
D4 G068 —0e 0043
Ne0G28 —C 0009
2,0001 0,004
Ns0012 0.0016
D0,0017 CL,0018
DeNGLE  C40N0T
00009 (,0039
040011 2.0011
07312 C.7G11
020008  Le008
00012 (7013
2.0009 7,7010
0.000G6 N, 0017
D.0012 062713
A,NG13 Q.0013
~040605 0,0002
—0.0C10 17,0003
n,0021 -0,N013
Ny00T1 =-2,7046

172
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D ONTANPHWNN -

NN HDFRNNNVNUNNNNN N S o ot 5 et s
PUNHMOODBINPRDIN=DODINOIND DN D

35

J= 307
TOTAL ENER
KINFTTIC
ELASTTIC
PLASTIC

NO FORCING
v

N.3704 -
1.0798 -
1.7813 -
244661 -
3.1278 -
2.7589 -~
43616 ~
4.9434 -~
54927 -
529964 -~
645726 -
6,8599 -
7.2150 =
7+5151 -
T 7577 -
Te9411 -
8.0638 -~
8.1249 -
8.1241
8.0618
79357
77430
74971
72173
6.8868
644955
6.0468
545378
4.9813
403836
347562
3,1128
2.4479
17623
1.0626
0.3549
-0a3555
-1.0632
~1.7627
-2+4488
~3.1161
~3,7597
-443745
-4,9563
~5.4987
~529947 ~
-6 4500
-6. 8764
-T7.2569
-7+5750
~-7.,8278
-R.0036
-8.1088
-8.1423
-8,1175 -~
-8,0560 -~
-7.9404 ~
-7.T7585 -
-7.5151 -
-Ta?2147 -~
-6.8596 -
~6.4520 -
-5,9951 -~
-5.4925 -
~4,9479 -
-4,3655 -
~3,7499% -
-3,1059 -
=-?2.4373 -
=-1.7486 -~
~1.0474 -~
-0.3412 -

IME= 0,0000990

GY INPUT (IN.-LBo)
ENFRGY {(INo.-LBRs}
FNFRGY (IN.~LR.)
WORK (INa=LBy )

wowonon

FUNCTICON IS ACTING DU

1322.718
79%.358
580a.715
~53,355

RING THIS CYCLF

W N M STRAIN
(TN)

841665 24239.9-101747 —ie 3012
R.1241 T16?.8 -856.1 —-J.0022
8. 01C7 678Re3-1AT1a6 —DaDCSC
To.8182 1968Re4 =967 7 ~Uatiil3
725576 15801a2 =855.% ~1.2016
7.?2318 -25%9%.6 344,3 J,45008
6.8552 226457 21600 02,0075
6.4487 ~481T.4 679.4 r.NT18
509576 357343 ~52R, 2 -0,"014
5.4968 639,72 -222.3 -J.0007
459522 1280.8 213 0.0002
44,3702 2031.5 2.0 3.00C2
3. 7550 961.3 -1R,1 <2.0000
3.1111 165723 —23.5 Ua.0N001
?+4435 1645.0 -21aS D0.9NC1
1.7572 1688a1 =-24.7 Gan001
1.0574 1926.3 -26.6 000601
03496 2710.5 -6.0 0.0073
0.3608 2069.3 19,4 0.0003
1.0685 34676 =-229.0 ~0.0004
1.7677 426T7:6 =5T0,1 -0.0015
2,4517 4458.3 523,17 3.302?
3.1193 16763.5 2112,7 G.7088
3.T7732 15263.1 43T7.7 00030
444035 23772846 ~624,9 -0.0007
409967 652807 —846.6 -0,0022
5.5476 6261a1-167144 -2, 0050
640445 193367 -974.1 -0,00613
64873 15605.6 -954.8 ~0,0017
6.RT10 -2609.6 341.1 D,3009
Te20G47 2411.8 2157.5 J3.30G75
75051 =4521a6 6792 02.0018
T.7555 3978.8 ~530,4 ~-0,0014
7.9413 111124 =~225.7 -Ca 20207
Ba 0642 1775%.9 17.9 0.0002
8.1259 25072 =1la2 2.00C2
8.1259 1389.7 -20.9 0.0001
8.0638 2716.5 =-25,9 0.0001
749401 1930.6 ~23.8 ",0001
T.7558 1981.3 ~26.0 71,3001
T.5122 205Ta5 =?2T7a6 D201
72112 2812.3 b6 0. D003
648553 2123,8 13.0  2.0003
6.4475 350726 =-229.2 -03,0004
5. 9887 429%.6 ~570,2 =-23,0015
524798 4473.9 8523.7 D.0022
4.,9330 16773.5 2112.7 D.720B8
43638 15264.8 437.7 3J.0030
37624 23727.C —-G24,5 —-0,0007
3.1270 6524,7 —846.6 ~D,0022
24629 6252.6-1671. 3 ~N.0G52
17736 1932143 -874,0 -0,00173
1.0703 15%583.6 ~954.7 -N,0017
Ge3609 =2€53.6 341.3 12,0009
063494 2241.9 2188.C 03,0075
1.0568 -463J.8 679.9 32,0018
1.7578 3817.8 -529.4 ~D.NC14
204444 886s7 —224.2 ~0,0007
3.1118 147542 19.¢ 0,NCC2
3. 7556 2179.2 la4 ©aN002
423707 G410 -17.S 0.0270
4,9526 15167 =72,5 DJ.0001
504965 1413.2 -27.3 3.0001
5.3985 149%4.0 =22.7 $.00G01
604547 163604 ~24,8 10,0001
648615 2516.1 =4, % 0.0002
T.2161 25038,.0 21.1 0.D003
T.5161 352%5.2 =229.C -0.0004
T.7565 438455 =573.5 ~2.0015
79316 4T03.6 512.8 0,0022

80523 17183.6 2117,.1
8.1368 15752.6 521.1

Le OUBG
T 0034

173

STRAIN

(

auT)

SR

e

-~
A

G025

<733

LIRS ATAS AN
~1e 0N4Q
~-2.C219

s
C.
Te

Co

0015
oNneé
Atelale
conl

30001

Co

e

o002
o032

.72002

Qe

2002

0a.0002

Ca
Oe
Da

2961
cons8
n016

-0.0009
~3a1038
Da 0G0

[¢N
0'
(e

0G38
0024
0043

Ga3036
Ca0033
-0.0010
—{.0049
~0e0019

GeUCLS

0e0006

e

D001

06002
33,0071
0. 0002

Co

coe?

Caln2
Ca 0002
Te2N02Z
Ce 2001
0.0008
CaC0I16
=5 0C09
—,N038
e OO0

Da

3138

NeD024
e 20432
Ge (036
Ta0233
~0.0C1N
Tl 0049
-0.0019

Ga

G015

NeODO6

(:'
[
Qe
Na
Co
Co
Co
Ca
Ca
Co
0o

€301
€221
09501
002
ocel
ol
ceo2
nco2
anni
0ncs
Lo17

-3, G009
-a003R

conl

LAYER
1 2
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1



D0 ~NDRD NN -

J= 40

TOTAL ENFRGY INPUT (INa~18a.)
KINETIC ENFRGY (IN.-L8,)
ELASTIC ENFRGY (IN.-18.)

TIMF= (,0001329

PLASTIC WORK

NO FORCING

v

0.3727
1.0814
1.7815
?.4664
3.1272
3.760Q
403611
4,9313
5.4788
5.9894
6.4475
6,8535
7.2086
7. 5089
77514
769341
8.0559
8,1168
8.1170
8.0520
79155
77239
7.4980
Ta2217
6. B885
654981
640463
545419
4.9865
423910
3. 7629
3.1106
? 44452
1.7622
1.0631
0.355%
03555
~1.0638
-1a7639
~2+4495
-3.1162
-3, 7590
~4,3744
409542
-5.4894%
-5.9860
~64 4560
-6.8844
~T7.2608
~T7.5792
-7.8276
~8.0081
~8.1135
~8.1509
-B8,1238
~B.0418
-7.9239
-7.7516
-T2 5106
-7.2090
—-6.8531
~bobb452
-529876
-5.4847
~449399
-4,3579
-3. 7428
-3.N980
—2.4264
-1.7380
-1.0419
-%.3373

W

-8.1701
-8.1288
~8.0107
~7.8234
~7.5634
-7.2411
~6.8629
~-6e4389
-5.9866
~5,4927
~449499
~4,3672
-3.7511
-3.1066
~2.4382
-1.7520
-150526
-0.3455
0.3650
1.0719
1.7687
2.4528
3.1259
3.7801
4.4070
5.0001
5.5477
6.0474
644897
6.8766
7.2081
T-4B98
7.7378
7.9331
81585
8.1187
8.1187
840561
7.9320
7.7471
7. 5029
7.2021
648471
624373
549708
5.4627
4.9305
4a3642

307622

3,1276
2.4625
1.7758
1.0737
003646

-0.3451

~1.0509

~1a7511

744402

-3.1084

-3, 7513

443669

~449453

~5.4636

-5.9950

~6e4503

628566

-7.2121

-7.5093

-7.7396

-7.9155

840557

~8.1438

FUNCTION IS ACTING

#ouonon

{IN:~LB,)

N M

~4450,9 ~459,9
-3782,9-13216,1
-5108.1 -738.6
-2633a1-1249. 5
-40173,R =5323.9
-264G.5 —~190,1
-2529:4 6.4
254.8 222645
-3733)e2 572.2
3096.3 -870.4
12260 ~324,7
-2711.5 116.7
141523 -56,1
1305662 =~116.7
1329642 ~114.7
-3227.17 -9.5
-5585.8 73s 7
-9921.3 169,4
3113.8 -3219,2
-4885.4 -853.0C
~6328.6 498.5
~732.4 2254.6
~6149.,7 T40,.4
-3907.0 ~77.8
-4753,0 -37C.4
-4030.3-1225,3
~5377a0 =774.1
=2997.0=1269,8
~4365.4 ~537. 4
-3095.9 -190.6
-3068,8 602.8
-287+2 2731.0
~4340.4 57842
239040 =-86543
497,00 ~3295,8
~3359,6 120,4
1364%. 4 -52.6
12699.7 ~114.0
13102.4 ~113,¢
-3256.2 -9.5
~5458,7 69a3
-6668.9 16745
34526 -321,6
-4509.C -855,.1
-5961.0 496.,2
-416.8 2251, 8
-5921.3 739,0
-3790.9 ~78.2
~4T761.6 -370a1
—4163,0-1224.4
-5622.8 ~772.7
~3324,9-1259.0
-4755,1 ~535.1
-3497,3 ~189,3
~3431.6 606a7
-556.3 2235.(
~4463. 6 577.7
2434,5 -B66.5
6724 =321.4
-3094.6 119,7T
1473523 =55.4
13253.7 ~117.%
13703.9 -117.3
-2668.5 -13,4
-4844,5 6546
-9119%.8 166.5
393006 ~323,0
~4N42.,0 -864,6
-5611a5 4T76,C
-75.5 22G3.3
~56{14,1 B825,2
-3461 .4 12.8

1322,715
B10,47%
579,220

3.022

DURTNG THIS

STRAIN
(IN)
~N40020
—3.0048
—0.0030
-0, 0045
~0.0022
-0,2009
32,0018
0e0076
0.3016
-N,0026
~3.901C
fa 601
0,0012
85,0009
00510
~2.6004
-0a 5003
-0 7004
~-0.0DC8
-0,0034
0.0610
240075
020019
~Ne006D7
-0.0017
—0.0046
(40032
110046
-1, 0023
-0.0C10
20,0017
£.0075
040015
-0.0027
~2.0010
00051
n.CC12
£.N009
050059
-0,0004
047693
0,004
~0.0¢07
~0.N033
J.6011
C. 2076
Ge0019
-0,0036
-0.0017
-0.0046
~0eN632
-0.0046
-0, 0623
55,0010
0.5017
0.0075
2.6015
-0.5027
-3e0012
0,0%01
n,6012
20609
85,0010
-n,0003
-0,0003
-0,0004
~0.0007
-0.0033
13,0010
0.0074
0.0622
-0,0C03

174

CYCLE

STRAIN
{OuT)
LeD008
GaCG2R
00014
Ce 3027
CeNO10
feUBN3
~Ca 0716
-~ (052
-0.0N16
2,0023
DeGHOE
~Ca L005
Ja0011
(a7012
(e 0G012
~147002
-2a 0005
~C.C011
N.0010
160017
~52.0016
—Ca 0053
-0.0022
=0.0001
C. 00085
0.0026
TeC014
0.0028
Ga2O1IN
0.0002
-0a7016
~e CN53
-0.02017
Ge01022
Co 5008
-0.0005
Na7711
0.2011
0.0012
-5. 0002
=Ny OUNS
~0e7011
0. 0010
00017
-0s0016
-2 G053
~re0G21
~-06027201
C. 0005
Ca226
Ca"014
0,0027
L0009
00202
-6.0017
~0.0053
-0.0017
0.0022
Ga0008
~Ne DGO5
GaN211
0a0012
Ca0012
00,0002
-2 G005
-G.0010
72,0010
Ja 0018
~La0015
~3s0052
-0- 2023
~(1. G003

LAYER
12

BOND

wn

w1



B BN NE DN

J= 60 TIME= 0.
TOTAL FNERGY INPUT (INo-LB,)
KINETIC
ELASTIC
PLASTIC WORK
NO FORCING
v W
01,3782 -B8.1799
1.086? -8.1344
1.7861 -8.0170
224713 -T7.8314
301327 -T7.5735
2.7661 -T7,2539
403666 ~-6.8744
409324 ~—604445
504647 -5.9749
59620 =5,4683
604291 —4.9346
6a8487 -—4,3625
Ta2018 =3.7473
Ta4960 -3.1014
727364 =-2.4338
Te 9205 -1,7484
8.0482 -1.0505
Ba1116 ~0,3436
Ra0935 0s3661
8.0135 1,0722
7.8927 1.7720
TT7224 224616
T. 5042 31367
722305 3,7913
648949 44172
65019 5.0M80
6.0494 545547
5.5458 6.0551
449624 6.4999
443991 6.8888
3.7700 7.2189
3.1148 7o 493R
224420 T 7200
17546 1. 8974
10589 8,0351
03537 8.1124
-0.3557 B.1106
-1.0620 8.0425
-1.7604 79169
-7 24460 T.T7336
-3.1143 Tat952
~3.7578 7.1958
~4a3638 6.8262
-409353 6.4038
-5 4810 549492
-5.9931 ~ 5,4570
~6.4687 4,9305
-6+ B987 403661
~-7.2730 327625
-7. 5880 3.1267
-7.8352 24615
-8.0168 1.,7753
-8.1253 1.0736
-8.1654 Na3654
-8.1368 -0,3445
~-B8,0473 ~1.0493
~T9068 =-1.7451
~T« 7167 =~2.4291
~T.4881 -3.1G604
=T7.2024 -3,7498
—6e 8462 -~4,3633
64340 -4.,9410
-5.9760 -5.4830
-5. 4744 -5,9851
429338 -6.4447
403579 -6,8524
-3,7299 -7,1926
-3,0783 =Ta.4761
~2.4114 -T7.7203
-1.7291 ~7.9179
-1.0356 =~8,0676
“-N.3319 -R,1572

ENERGY (INo~LBo)
ENERGY (INo.~LBa)

001680

oo

(INa-LBRa)

N M

~120% 2 ~535.¢C
-13276.2 =825,3
-11350.8 ~61747
-60333,9-1200.6
=5626,T -468,4
=15033,0 =-471,C
124642 61,8
2C81.3 858.7
-9388,6 100541
-9643.0 1903,%
-19329.7 1T74a¢
-11818.5-1427.5
-14853s5 ~2315.8
-10862.9 405,1
-13054.5 314,.€
~10650.9 425.4
-12486.8 -274, 6
-8214o0-14R5,¢
-8575,3 =37.(
3G12.5 1773.6
-3232.7 1008.3
-1846.4 1C38,1
-14826.7 313.6
-13615%:4 ~453.7
~648e3 —4T71a7
-12641.3 -973,.2
-10701.2 ~545.8
-5311,2-1075.8
~5001.9 ~554.6
~14546,9 ~-520.5
1582.8 71.9
2212, 7 B867,8
~9461.0 1012.0
-9906.0 1906,C
=16721.9 171.°
-11658,7-1427.0
-15294,7 ~210,6
-11182.4 4G7.8
—13184.1 314,.¢
~10617.9 425.7
~12251. 5 -273,.8
~T7889.2-1488,8
-Bl1643 ~45.1
3626.6 1770,.2
-2685,6 10110
-1474,3 103642
~144360,2 307.6
~13419.8 -456.6
=687.1 —470.0
-1276803 -G71,6
-10981.7 -545,0
=58N7,3-1074.8
~5589,4 —-55D,4
-15159.3 ~511.2
1N59.8 76.9
187846 86744
~-9643,7 10N8.3
-9847,5 194,00
-19472.4 174.4
—11555,7-1427.4
-14759.,9 ~216,0
=10643,1 &02,¢
-12661.5 311.2
-10255.2 425.1
~-12071.7 =268.6
~7953.1-1474, 0
~B8286,5 -82,7
314R.5 1683,5
-325742 1140.7
~72G3%2.5 1113,.¢
-15787.0 167.2
-14017.4 -381. %

1327.718
665.879
793,615
-46.T77

STRAIN
{IN)
-0 0019
-0:N041
-0s0032
-04 0047
-D.0022
-0, 01031
0.N003
J.7031
00024
0. 0055
-N,0014
-Qe 0068
~Ca 0026
0,0C03
~0.00C3
D.N004
-0 0022
~-00059
-2.0C10
0. 0063
N,0031
0, C0O33
-3+ 00%
-0, 0029
-0s0C17
~30046
-0e3029
00042
-0.0024
-0.0032
0, 0004
N.0032
N.N025
9.3054
-0,0914
-0 3060
-0,0026
Da 0002
-0 0CC3
CaD004
-2,0022
-020058
-5%.0C10
8.0063
C.0031
Nae D034
-0,0C04
-30029
-0 (3017
=54 20046
-0a0030
=0 20042
~0e0024
-0.0033
0,004
23,0031
0024
Ne 2054
-0 0014
-~ 060
-2, 0026
(e Q0C3
~0,NOC2
Ve N0O04
~0.0021
-0.0058
-3 0011
G060
0. 0035
30036
-3.0010
-0a 0027

175

FUNCTION IS ACTING DURING THIS CYCLE

STRAIN
{(2uT)
Cai12
020010
ne0007
De D024
5.C0D07
N,G0N1
-Ns0001
-0e0019
-0 U030
-C. 0051
-3a 07217
20026
=0 NG03
-G 1017
-0.0016
00017
~CaC0OG2
0a029
~Ca0005
-(a 0040
~Ca 0026
~0a 02026
-7.0018
Ge 02N
e 011
0.3014
D005
NeN0322
Ca 0010
Ca 002
~Ue 001
~J2 0019
~Ne ™330
~0e0052
-0.0018
Ga0025
~L.4G003
-0, 0N17
~Ce0D16
~Ca0017
-3.0402
e 0030
~-Ca GOGS
-{a7039
-00026
-%a 025
~7aQ017

D014
Ca U705
fe0021
£.0009
Ce CN2
=0 0001
~0eNN19
-02: 0030
-0, 0051
-0, 3017
Call026
~-Ne L0133
-5 017
-0a (016
Do MOL7
~Le NG 2
50029
(s G004
-0.0037
-Na0029Q
=N, N 28
=(.\N14
~-5,3701

LAYER
12

nwn

wr

BOND
1



OB/~ RPN

J= 8n

TOTAL ENERGY INPUT (INeo~LBs)
ENERGY (IN.-LB.)
ENFRGY (IN.-LB.)}

KINETTC
ELASTIC

TIME= 0.000264"0

PLASTIC WORK

NO FORCING

v

0.3832
1.0932
1. 7949
74802
3.1424
3.7770
43767
4a 9408
5«4 682
549584
624151
6.8286
T7-1961
T.5055
Ta 7491
T.9306
B.0417
8.,0863
B.0744
R NORQ
T-8981
TaT361
T 5193
Ta2450
609086
6.5143
6£,0605
545561
520027
444096
3. 7805
31246
704492
1.7586
1,0591
043527
-N.3576
~1.065%5
~1.7651
=2.45%03
~3.1134
327494
~4.3589
—-449381
-5+4909
- 6.0093
~bo 4867
-6.9174
=7.2919
=-T.6NT77
-7. 8553
-Ba0361
-8.1447
-8.1862
~-8.1575
-8.0660
~7.9175
-7.T170
~Te4T43
-7.1813
-6.8386
~6He 4399
-5.9838
-5.4802
~-4.9286
~4.3371
-3, 7151
-3.0695
~224070
-1.7267
~1.0328
-C.3279

W

-8.1984
-8.1518
-8.0341
~74 8476
~7.5914
-7.2731
~6.89722
—b6, 4604
-5.9852
~5.4709
~4.9268
~4q345G7
-3.7418
-3.1029
-2,4357
-1.7493
-1.0478
-0.339?
6.3714
1.0785
1.7802
2.4724
3.1489
3.8045
4.4311
5.0235
5.5715
6.0716
605165
69067
7.2368
7.5097
7.7283
7.8956
8.0191
8.0887
841029
R.0515
7.9289
747428
7.4882
7.1726
648071
623959
5.,94983
5.4633
4.9373
4.3720

3,7674

3.1297
2. 4627
1.7758
1.0742
0.3654
~0s3444
~1.0489
-1.7431
~2.4247
-3.0623
-3.7389
~403611
~4,9485
~5.4930
-5.9934
~64461C
-6.8337
-7.1775
-T7.4736
~T.7298
-7.9359
~8.0877
~-B.1768

FUNCTION 1S ACTING

L I T ]

{INa-LBs)

N M

15461.8 -618, %
22745,0 =955,8
213214.9 ~853.6
-57.R8=-100R, 1
-5613,8 -489.7
~4394,8 -812.9
12315 =14,1
85842 432,°8
~8P45.0 T36.8
1134.6 1479.72
-341.9 667a5
~BN133,9 €14.9
?2153.0 -347.8
-5922.6 =8:G.8
-1213,4 ~255.6
~3681.0 -848,5
164,00 ~422.¢€
-6387.4 506,1
457247 €03, 6
~3564.3 1598a%
-1287.1 785,72
B69%a.6 285.¢€
1287.3 61a0
56316 -588.2
1641547 =55441
2365644~1187.7
21CB2.0 ~77746
695.4-1028.7
~4G544.5 ~46344
-3905.7 -679%.5
148640 -111.€
871.1 362.8
-8155.4 77845
85448 1498,0
~662a1 65245
-8333.,2 €13,5
1892.9 =-34G.C
-6C09.4 -8M8a43
~1180.8 -262.3
~3501.2 -848.S
506e3 ~41746
~5978,8 6592.1
5058.8 597.C
-3039,3 1592.5
804,99 780.6
9144.2 28643
1581, 3 644 4
5792.7 ~588.4
16424.8 =567 0
?34%4,1-1191.7
?38146,9 =T774.5
263, 0~1020.7
~53884,2 -456.1
-4383.5 ~6773
16?254 -111a3
5385 358.7
~B429,9 778.1
T47a1 1534.2
-618.6  660,C
~818%5.,4 £17.°%
214702 -354.2
~5666.9 —-816.7
—BB6ab =2%4,.4
=3233,3 -836.6
66546 =50 o€
-6078.3 399,69
4819.8 T736.2
-3434,6 1625,3
~1412.7 T776.1
8343,.3 478, 6
548.8 ~16741
47094 -523.4

1322,718

911,298
468,064
-56,645

DURING THIS

STRATIN
{IN}
-2, 0005
-1 G009
=2e2008
-, 3034
-0e 10322
=N 0032
CaNOC1
e 15
32 0G17
0.0051
Ja03022
760013
-G.0010
~1.0033
-0e30C10
-0.0032
-0.%5014
CoNO1l
0. 0025
Ca DDBO
Na0N25
N 00322
V2003
-0.0014
~De3002
~2.C316
~-0.30805
~060034
-0.0021
-0.0027
~30002
0.0013
D.0018
000651
DeLL21
0.0012
-0.0C1G
~047033
-%.0010
-0a.0Nn32
~3aN014
0.NG11
00025
040051
0.0026
047022
Q20004
-Je0i014
- 7002
01T
-0, 5005
-0,0G034
~0+0021
-0«0027
~T.0C3
0a.0013
3.0C18
0. G052
Can022
Te G012
-0sN010
=1 "33
=-L+NC(C9
-~ 0031
~faTL16
Na0007
T 0030

- (51
J3a0025
N 0025

= oJC35
-J.0C13

176

CYCLFE

STRAIN
(IuT)
Ne 225
€ 0038
TaNG34
N 0024
N ONGAR
"aD016
B. 0001
-0607210
~-(20023
-(e (024
~340016
-(.,0020
GeCO10
De (015
00005
Ne 2N 7
0. N010
-0a 0016
-G 0011
=06 2040
-3 0019
~-CoHNNZR
-"eN20G1
NeH118
(e 0024
Ca1N44
Ca 0033
N,aIN2H
Ca0307
0.0013
0. 0004
~3. 0008
“N. U024
-0e0035
-0 G016
- a 1020
0. 00069
Ua0N15
0.0005
0. 0017
. 0210
-0, 0016
~0a 0011
-0 (039
~(a 0019
-0,06003
-Ne 0000
U218
020024
CaN44
Ce0032
0. 0024
00007
(0013
0.0903
TeN008
~0e0024
~0,GN35
~0,00N16
-La0320
0,0:21C
Cal D15
(e 0NOS
£a2017
Qe 0012
-0eNN14
-0, 014
-~ N041
~CeCNH19
-L. 0006
T 0004
Ge” 015

LAYER
12

BOND

L7 7

N n

v



WAL NN

J= 92

TOTAL ENERGY INPUT (IN.-LB.)
KINETIC ENFRGY (INo.~LR.)
FLASTIC ENERGY (IN.-18B.)

TIME= 0,0003036

PLASTIC WORK

(TR T

{INs=LB,)

1322.718
455,617
878,748
-11,947

NO FORCING FUNCTTION IS ACTING DURING THIS CYCLE

v

043864
1.0953
1.7962
2.4815
341450
3.7795
4.3807
4.9455
5,4715
5.9672
6.4103
648180
7.1838
7.5086
7.76838
7.9335
840270
8.0723
8.0679
8.0133
7.9027
7.7427
7.5255
7.2502
6. 9151
6.5200
6.0685
5,5636
5.0110
404164
3.7880
1.1323
2.4557
1.7642
1.0627
0.3534

-0.3583

~1.0692

-1, 7725

~2.4538

-3.1106

-3.7474

-4,3606

~4.9473

-5.5000

-6.0195

-6.4968

~6.9267

-7.3015

~7.6154

748649

-8,0450

~8,1556

~-8,1957

-B.1683

-8,0781

~7.9274

-7.7265

-7,4723

~7.1714

~6.8255

—-6.4391

-5,9963

-5.4803

~4.9165

~4.3244

-3,7070

-3,0657

-2,4027

~1.7235

-1.0288

-0.3237

W

-8.2081
~8.1613
-8.0433
-7.8568
-7.6076
~7.2823
~649639
—6.4722
-5,9938
~5,479%4
~4,9776
~443644
-3,7338
-3,1003
~2.41385
~1a 7468

—-1.0423

~-0e 3332
0.3774
1.0864
1.7885
2. 4807
3,1572
3.,8125
444387
500292
5.5780
6.0775
6.5242
6291358
Ta2447
T.5192
TaT362
T.9032
8.0148
8, 0765
80881
8.0526
79471
727439
T:4726
71573
647983
643967
529498
504651
429388
443727
3. 7695
3.1321
264667
1.7797
1.0778
0s3682

-Na3417

-1.0468

-1.7417

~2.4236

-3.,0874

-3. 7322

-4,3544

-459522

-5,5088

-5,0978

-60,4306

-6.8235

~T7.1752

-T.4822

~T72T7384

~T29470
~8.0960

-8.1854

N M

~864.0 ~639,(
3224.0 -857.2
7971.0 -763,.4
~146%.3 ~778,C
5505, 7 =919, 3
8395,3 ~484,3
1784,4 =212.2
8G36a73 60.6
1112343 G36.1
9594,9 40 3,9
66£6,1 SNG.C
20049,0 927.4
24229.9 1161.1
26819.6 ~-876.1
196682,7-3395.7
13080, 7 =97Js S
470226 1147.0
286249 1049, 4
3C60.2 1004.0
12312, 0 404,1
5639.5% 979.¢
2499.4 221.9
3147.0 -13.2
8851.2 —435,7
~1111,1 ~678,5
2881.5 ~T719, %
7677.1 ~973.3
~18177.1 ~782.8
520062 =~813.2
813R.3 -510,¢€
-69,5 -80.8
8653. 6 14,6
1076743 809.8
G226e4 43646
6215.7 659.7
19%258.,5 928.0
23638,2 1157.3
26709.4 ~872.3
19165.1-3400, 8
12462.1 ~S568,.8
4137.1 115644
2328442 1C57.2
2547,2 10n4,7
11799.4 401.C
5178.1 979.9
2125.6 226a.3
2823.6 ~be b
8684.3 ~431.2
-1179.3 =~68l.6
2638,7 -T726,1
77646 =972, 5
~1536,2 -778.2
55475 -812.2
8537.7 ~517,9
345.8 =91,.2
91%6a3 8.4
1124C.8B 814.2
9717.6 443,5
67266 955,.5
2004663 SD7.2
24171.0 1143, 4
267%6.9 -823,7
193673,2-3333,. 2
12907.3-1091,5
45182 11757
275466 1165.¢€
2878.3 G65.4
12n86.2 516,6
55%58,2 G82,?
24971 15.0
31464 115.6
9034,.2 ~483,7

STRAIN
{IN)
=Ce0023
~0q M26
-Ja:i(18
-Je028
-3 0C26
- 00:N8
~Ce 5037
Je 2011
TeNC4A3
Ca 30323
25037
0.0052
0.0064
-2.0003
~Ua G095
~-JaN020
2,0C43
N.0N38
Da00G37
0.,0026
02 0039
J.0010
G, 2003
-2 NOCE
—0a0024
-0a 0021
-0.0025
~-{1a0028
-0sNC22
-0a 0008
=-0.NC03
D NGLQ
0.0038
00,0024
2.0C39
N,0051
n. 0063
-0.0003
-0.0096
-0, 0020
0.0043
0,0038
00037
2.0025
0.0038
D.06G10
02,0003
-0, 0006
=-0,06024
-0 0022
-0 01125
=JeMi.28
=0, 0122
~0a7120N9
=0.0N03
Ds ON39
CL00329
0eN026
DL, 0139
0051
T NGH3
-0 U001
~le N0 94
-0, 6024
Je N0OG2
N, 0042
20036
0.NC30
Ne0039
71,0073
CodUI7
=3, 0007

177

STRAIN
(oum)
CeNC14
D600 22
fia0:N23
De7217
Te 0728
Uo7
[Pl
Je T0N5
-0.(C1l4
-7eG003
~Ca 0017
-0, NiN1N8
-0, C011
Ns003G
00094
0. 0032
-0e 1024
~1,7023
=-0,1021
~-Ca0N01
-0a0219
-0.0704
360002
Ce 0016
Ca2015
020019
0.0028
N.0G17
0a0223
0.0018
00002
Ce00J6
-0e 2012
0,004
-0, 0018
-0,0008
~0.0011
0.NQ38
00093
0, 6031
-0,0024
-0.0023
~-Ne 0022
~0.0001
-00 G019
-C. 0004
0e0DNG2
Gs 0016
0.0015
0.0C19
G, 0028
0,0017
NaN023
3e0018
Ta 02
0, G006
-0.0011
—Gs OC04
=018
-0.008
- LO1r
G,0738
Ga?093
GalC34
~Je0223
-0 3325
-C,0021
RSP AT AT S
-3,%0219
D001
-0, NG
Ja 0017

LAYER
12

dOND
1

[%]

Vi

o
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-
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DOV LD

VNN NN
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NN N
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FURTURTURNTRRT U
o J0 - U BRI A1

>
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MR ASD DD
N3O ~NORDRNmD

GPI I AA R BNN
N DO DN DN

L
e

o K< = N+
DN O

~ =~
-0

~
N

J= 100

TOTAL ENERGY INPUT (IN.-LB,)
KINFTIC ENERGY (IN.-LB.)
ELASTIC ENERGY (INs~18,)

TIME= 0.00063300

PLASTIC HWORK

Woarwon

{INa=LB,)

1322.718
463,976
B966591
~37.846

NO FORCING FUNCTTINN IS ACTING DURING THIS CYCLE

v

03881
1.0975
1.7984
2:4R43
3.1477
3. 7833
43846
4s 9505
54774
529635
6.4068
6. 8087
7.1824
7., 5055
77548
7.9306
8.0253
8.0605
806726
840135
7.9080
Ts 7458
T.5282
T.2534
69170
665230
6.0703
5.5659
5.0118
4o4174
3. 7877
3.1316
224553
1.7631
1.0610
003522
-0.3583
-1.0674
~1.7680
-2.4521
~3.1095
-3, 7417
~4.3583
~4e 9487
~50 5049
-6a0236
~6.5008
~609309
-7.3051
-7:6204
-T.8686
~B.0504
~8a1592
=R, 2001
-8.1718
~8.0817
-7.9331
-Te7272
~Talb78
-7.1605
-6 8237
644380
~5. 9876
~544790
-4, 9156
~-4,3186
-3, 7G39
~3.0648
-?2s40%6
-1.7274
-1.0276
~0.3226

W

-8,2118
~8.1659
-8, 0477
-7, 8604
~7.6047
-7.7858
-6,9055
-624746
~5,9973
-5,4786
~4,9240
-4,3374
-3,7327
-3.1004
-2.4354
-1, 7470
~1,0426
-0.3329
043778
1.0878
1.7909
2.4835
3.1601
3, 8155
4a4417
5.,0333
5.5813
6.0824
645779
6.9181
7,2491
7.5238
TeT427
79045
8.N102
8.0646
8.0863
8.0502
749335
7.7416
T.4713
7.1470
6.7935
6.3961
5,9531
5.4663
4.9395

4,3739

347655
3.1325
244664
1.7791
1. 0766
03667
-0.3441
-1, 0496
-1sT44T
~204251
-3. 0860
-3.7272
~443532
-4,94G4
-5.4585
-5.9948
—6a 4282
~fs 8136
-7.1705
~T.4B37
-7+7453
-7:9502
-8,100C1
~8.1893

N M

92R64° ~60TaC
171133,2 -G67.1
9621a1 -8B, 7
1227143 ~G639,C
1222947 ~679.6
14618.7 -793.9
18871.4 ~86.6
1692609 33,5
9394, 7 268.7
8T14a7T 497.C
-6999,2 B868.1
B3CT7.P 2424.6
8627.1 324.)
~1901+3~1620.9
ZNNa2-1298,2
5394.8-1821.2
T444.4 158.8
=585.1 250061
5433.3 905.7
22931.6 32N.7
11397.5 315.4
15465.4 292.1
T673a.7 40a.C
586802 =565.0
9005, 2 ~EN0, &
9918.8~1028.6
9395.6 ~719.,2
12519.7-115842
11777.4 -618,.1
1404845 ~685, 3
18177%.4 ~104,1
16163.3 132.€
8457.9 187.72
T841.8 393,5
-7782.5 93646
769544 2481.5
8177.9 3l4.0C
~2212,8-1636.7
103,5-1302,9
5373.1-1822.4
T628.9 161.4
=331.5 2502.2
5810s5 904.8
733617 313.7
11804.4 308,1
15869.0 29045
7951.9 406 4
597844 -566a4
B8503.9 ~49846
9644.5-1025.5
8925.4 =715+ 17
11935,3-1157,2
111636 ~-611.3
13447.5 ~687a2
1762046 -138.0
15739,8 138,95
8443.4 197.7
78G66.6 39704
=7597.5 G819.¢
81789 2454.1
BS74,4 256.1
~1547.9~1558,9
70N0.5-1403.7
6184, 7-1891.8
8423.5 249.7
6177 2458.1
6635,0  997,1
2411844 374a5
12481,3 94,9
16187, 4 1375,2
B2406 6 -6.8
62610 % ~465a1

STRAIN
LINY
~0e0C11
~1eNN23
=D 0018
-JaCO19
-fi, 0011
~0e0012
JaNC16

«CC18
Ce00G19
0.0G626
040022
02 00G0
Ge 0020

~Da 0057
-Ne 0044
-0eN056
0.0013
7.0084
00036
Je 0034
04N0D22
0.0025
0.0009
-Ue D013
-3+ 008
-4 0025
-6 G015
~0sG027
~0s3009
~0eINT9
0e0C15
0a0021
Ja0C15
Ga0021
0. 0024
0.0092
0. 0019
-0.0058
-D. 0044
~-NeN056
00013
J.0N84
Ga Gl 36
Ne G034
00022
Ue D026
0,7009
-DeNC13
~0.,0008
~2.0025
~Ga 0015
-0,0027
~J. 0009
=-0.0G 10
Na0014
00021
0,0015
"e0C21
DL 0023
D.0091
Do 0C21
~0a0054
=0, (3048
~3a 0058
D,0017
Ue N0 84
060040
000037
Ue 0016
Ne 0029
T.0008
=0.0009

178

STRAIN
(7UT)Y
0e0921
C.003C
D,0026
02031
(0024
Pe 0029
N.7015
Caf011
1s000C
-(a 006
~0,0H25
-2, 0051
- 0002
Ce 0037
Ca0031
0. 0046
D.0001
~Ne 0059
-0,0018
2.0008
C.0202
0.2004
0.C004
".".0{\17
0.0018
0eB031
Q. 0023
Ca 0036
0.0023
00026
Ca 0015
Cs0N08
e 0001
—-(0a BONG
-0 (01027
-N.0053
=040002
40037
e 0131
00046
Ce3001
~0.0059
-3.0017
0. 0009
0.0001
0+ 0004
Qe 3004
00017
C.0018
5,0031
C.3023
Ne 0035
00922
0. 0025
Na0215
Ca 0HGT
0,30001
-G 00C4
~0.,0027
-0 0062
-0, 00032
N, 0035
00035
Ge N049
-0, 0000
~Ne 0057
-%.0019
(.0008
L. 0106
Ne00N2
D DINVG
DsNA15

LAYER
12

v »n

[T 2]
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J= 120 TIME=
TOTAL FNERGY INPUT (IN.-L8.)
ENFRGY (INo.-LBo)
FNERGY (INa-LBe)

KINETIC
ELASTIC

PLASTIC WORK

NO FORCING

v

0a3920
1.1092
1.8006
2.4847
2.1470
2.7817
4a3858
449533
524729
549517
644011
6. 8089
7.1687
To4714
77136
7.8926
R, 0089
8.0627
8.0562
T.9973
729014
Ta 7499
725295
T 2494
629125
6a5196
620670
525631
5.N094
4a41T1
327913
3.1376
244592
1.7652
1. 0649
N.3567
-0.3539
~-1.0621
~1aT7€19
-?2e4465
-3.1111
~3.7510
403628
-4 9460
-5.5072
-6+ 0324
-6, 5065
-6.9313
~T7.3041
-T7.6196
-7.8675
-B.048%3
-8.1568
-Bs1994
-Be1769
-8.0902
-729323
-T7.7172
-T4653
~7.1659
~-6a 8147
-6 4093
-5.9519
-524461
-428969
-4.31172
-3.6936
-3.0513
=2 23944
-1.7T174
-1.0227
-0.3180

i

W

-8,2077
~Ba1 644
-R,N459
-7.8579
-7.6012
~T7.2834
-609101
-6.4835
~-5.9897
-5.4747
~4.9244
—4,3430
-3.7299
-3,0871
-2.4190
-1.7318

- =1.0316

-0s3237
N.3865
10939
1.7972
2.4910
3.1658
3.8181
4ab432
500343
5.5818
6,0814
€.5263
69176
7.2531
7.5303
7.7393
7.8918
8.0064
8,0691
B, 0726
840135
7.8897
7.7014
7.4518
T.1443
6.7836
6.3788
529442
5a4662
4,9379
423690
3., 7646
3.1289
204632
1.7771
1.0752
0.3666

-N,3432

-1.0478

~1.7399

-2.4172

-3.0815

-3,7255

~423432

~4.9270

-5.4709

-5.9692

-6.4191

~6.8204

~Ta17C9

-7.4732

-7.7420

-7.9563

~B.1024

-R.1872

2. 0003960

W

(INo~LBa)

FUNCTTON IS ACTING DURING

N M

-4478.4 ~133,C
-10498,7-1127.5
634.1 -822,2
=12934.6 -8027,6
=1024,8 ~434,6
~-7722.8 =75.0
~3432,3 ~221.5
~44645,1~1067.72
-8159.9 1392.%
S87.9 1993.9
1R91.¢& £61.C
-38%.,1 37S5.4
4237.1 -157.6
7928.6 ~396,1
54097 ~-363,7
~4CT77.0 -157. 8
~86Bbab —414.6
-7502.3 182.6
—-2924.6 835.2
-11007.4 2271.1
-9846,7 544.°F
-2762.9 -818.9
~7296. 8 —-119.1
~649043 -51.1
-3452,1 -287.,0
~951124 -985,6
1798,7 =730, 8
-12166.5 —966.°
-246.4 —-356,2
~7242.6 ~229.2
-3173.5 -218.9
-4267.3 —-888.3
~-8223.4 330.6
899,7 202443
1588.7 825.6
~4236.2 263,2
3840.3 -8N.2
7535,1 -318a.4
5180, 7 ~403.°C
~4162.7 -191%.7
~-8780,9 -34,.5
-7455.3 1902
~-2792.8 838,.7
-1C867.9 2205.0
-9527.6 543.¢
—247346 ~829.6
~7039.2 -129,7
-6288,4 -51,1
-3489.4 -27847
~9EG6,5 -GT6a.4
1363.,9 ~725.3
-12521s 6 ~S573. 8
~668.6 —367.8
~756%.9 —-226a7
-3382.2 -198.3
-4338.8 -B72.¢
-8172.7 299.5
1004,1 1975,.1
1788.4 893,31
~4007s1 35045
4245,7 -190.C
780641 =356.9
5364,1 ~275,0
-4087,6 ~247.7
-8528.9 1528
-T463.2 277,13
~2977al 68607
-11189.2 2?2273, C
-10084.7 286,.1
~3141.2 -722.7
-7890,.6 B4o 4
-7194.5 —186.4

1322.718
9N, 8732
467,055
~48,210
THIS CYCLE
STRAIN STRAIN
(TN) (oum)
=0 3008  C,L,0000
-UaN049 0.0019
=Ce G027 C002C
~Ne 4D 0,010
-Na 0016  §.0006
0. 001C -C.0N04
-0.0011 Q.0N0N3
~0.0041 ,0027
D005 =2,0715
0aNCHEE ~0.(N46
Na0031 -(a0019
0.7009 -0,.MN11
~3. 0031 0,0037
-0+ 0035 G,:1015
=G MAT  £L0N13
-0s7029 (G001
~0.N010 -0,0095
~3.0001 -0.2009
0.0025 -0.06022
0a3063 ~N,7059
00008 -0472020
-C.0031 0,0017
=0.0011 -0.03002
~0,NGCE -CaG003
-0.0CG13 U.0004
=Ca0043 L(a.0017
-0.7023 G.0018
-2.0045 0.7014
-0.0012 (.CUG8
=3.0C15 0.0000
~0.0011 (.0003
-0.0034 (.0018
0.0073 -(.0013
o 0069 -0.0047
0.0079 -2.0018
0.0005 -0,0009
206061 (.0004
-0.0003 02,0013
~0. 0009 (.00613
—-Ja 0011  0.0002
-0.0010 ~0,00D5
~0.2001 -G, 0010
08075 -0.7022
2. 0064 ~N,0059
Ce O0CY -N,0019
-2.0031 C.0018
~0s (12 -0.0002
=0,0008 -0.0003
-0,0013 72,0004
-0.0C43 10,0016
—0.0023 03,0018
=06 0046 C,0014
-0,0013 (C.00C08
~0s0015 £,0000
-0s00G1Y  GalDG2
-0.0034 (.N017
N, D002 -NL0013
0aNLHEB ~060N46
D632 =L 002N
0,7C08 -0, 7011
=3.0C002 (0207
=0aC0N4 (oN014
=L, 00C8 2,7014
-2.0013 0,0003
=0 004G =0, 0709
-Je 301 -TeNDLC
TL 20 -G,0018
(.1CHS ~0,7061
e NCC3

-JaNC28

179
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J= 140

TIMF= 0,

TOTAL FNERGY INPUT (IN.-LB,)
KINETIC ENERGY (IN.-LRs)
FLASTIC ENERGY (IN.—-1B.)

PLASTIC UHWORK

NO FORCING FUNCTINN TS ACTING

\

0a3953
1.1n26
Te8014
24872
3.1515
3. 7883
4,3863
409463
524749
5. 9667
624123
6+ 8095
71503
74352
T7.6738
1.8572
7.9895
8,0610
8.0681
8.0146
7.9025
7.7383
725299
T2 2597
6. 9169
65165
640632
505605
540127
ho424A
3.7949
3.1362
24607
1.7703
1. 0689
03605
-003492
-1.0548
~1.7536
-2.4792
-3.1192
-3, 7581
~4.3764
449629
~545137
~-6a0295
-6.5117
629456
~-743123
~7.6192
-TaR647
-8.0476
-R.1641
-8a2139
-8.1818
~Ra 0827
~729345
-7.7354
~-7.4818
~T-1712
~-6.8023
-6.3810
~-5.9187
~5a4l69
-4. 8795
~4o3034
~3.6922
-3.0514
~7.3885
~1.T087
~1.0172
~Na.3141

W

~8.2145
-8.1617%
-8, 0415
~-7.B576
-7.6082
-7.2958
~6a 9141
60,4770
-6.0025
-5.4895
-4,9365
-4,3477
-3.,7249
-3,0745
-2.,4053
~1.7195
-1:0214
-Na3147
0.3954
1.1034
1,8040C
2246543
23,1719
3.,8285
%o 4499
50354
545806
6.0821
645331
6. 9299
T.?562
T.5222
77420
7.9107
B 0217
8.0719
8aN555
T.9769
T«8479
T. 6637
7.4301
71388
6.7895
6a 3891
59417
Set544
409343
40,3727

3,7651

341256

2.4604

1. 7744

1.0744

0.3670
-0.3417
-1.2451
~1.7398
~224220
-3,0863
=3,7240
~-443306
~4a 9021
-5.4418
-5,9439
-6.4086
-6,8243
~7.1859
=T7:4920
-7 7449
-7.9485
-8a106N
-8,2017

0004620

{IN.-LBo)

N ™

~11303,2 -289,C
~16476,0 =362.6
-?272416.5 ~180a3
-4931.4 -57643
=-12021.9 =521.1
~15494,2-1439.6
=15299,.,3 ~3264,2
~1245.6 1143,1
-798.1 766.8
4900 .4 4326
~3632.,6 167.6
~683.7 —-332,2
-7544.4 1%.5
~7229.9 1082.0
264142 3694
-9764+9 873.C
2104.4 35.3
794e7 ~223.5
—4963a3 149.9
~4132.9 2601
~16197.7 8%9.2
~15066.6 139245
-19761.8 =35.3
-8775.8~165247
-11299.3 ~448.8
-16335.9 ~308.3
~?72414.7 -223.6
-4901.0 =47408
=120T4e4 ~4D246
-15638.8=-1673.0
~1554642 -327617
-1395,7 1127.¢
-BT4e5 75568
475245 2543
-380G41 89.4
-8936.7 =-395.4
-755643 4.8
~T127«3 99841
27702 452.5
~046665 95605
?488.3 =~34,5
132547 =273.6
=4227.7 17541
-3317.1 275.1
~15552,9 R47.3
~14464.% 138la.5
=19002.3 -41.8
-8315.,9~1653,8
~1065443 ~446.2
-16247.5 -307.4
-22355,3 ~231.9
~5034.7 ~48l.8
~12325.4 ~382.2
~15971,4-1642.4
-15919,7 =370, &
=1794,1 175?.1
~1331.6 845.6
463G6,9 242,3
-3537,8 951
=79%.3 -390.9
-7510.5 -5H.3
~7091.7 918.1
2912,3 663.5
~9377.0 945.3
25136 -53.2
1358.,5 =-232,1
-4347.7" -53,9
~3474.2 397.6
~15770.2 9377
-147%9.4 1328, ¢
-19295.9 19.0
-8653,3-17195.7

1222.718
822,773
572,231
-72.387

STRAIN
(IN)
-)s0021
-0y
-6 1029

32006
0 G2
~Ca 0012
~-NeB007T
Na 1529
Ue0C1S
N NC20
00003
-Ce NONT
762000
CoN005
340013
Cadr32
-0.00621
~040C65
-0. 0027
~-0.0027
~0. 2030
-3.00121
~0eN026
-Ne0GT2
~GsN227
03,0036
Q.0025
0.7C13
-0.0001
-3 0014
~0.0008
340026
0.0018
0.0023
0.N001
=0 OﬁCS
De0GT2
1. 0006
NeNV13
00032
-D. 0021
~0 40064
-2+ D026
=0e NO27T
-0 0030
~0.0021
-0eON25
-2.0272
-01s 029
0e 2034
00027
TeN016
=N, 0004
=Na0014%
~1a1010
UeM24
De 0G24
3.0022
Ne N001
-1 0007
=NaANNA
T HC1D
NsN016
Ve 20
~0+0019
-0 0070

180

DURING THIS CYCLE

STRAIN
(2UT)
-1, 0701
=5.0003
~CelN11
e BULD
2o 0004
0023
-0eC0UD2
-3 1028
~7+0319
Ca (002
- 21008
D107
~Ge (1505
-1.0230
-(0a N6
-T2 0027
2.0001
Ca0006
~0,0007
~(+0639
-0,0031
-0s00473
-5.0013
N.G033
Ge00N3
~%560004
~0.C010
Ge 3008
040001
0.0029
-0.0003
~340027
-(.C0G18
~Ce 0203
-0 0005
0. 02009
-4 0005
-24 0028
-0.00C08
-0,0029
e 0002
0,007
-0 0007
~04 0009
-0,0031
=Ne 0042
-0a.N1012
0.0033
Ce 0003
-0 0C04
-0 G016
0a.CN0O8
0.C000
0a0N28
-0 0002
-0, 0026
-J.0C21
-0,0008
~0,5G03
G 0009
-0s 0004
-0,02326
-0:0012
~,0129
0 NN03
0.:006
-~ 3032
-3 1012
-9.036323
~(.0041
~0,01314
NeDCG36

LAYER
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wn

B
1

OND

- -



WD NN~

WA N NN NN N A NN e e e el hed et
DOVINPIANDLWUNFHOOD N NLWN D

)

W oW g
[ BN

34

J= 160

TOTAL ENFRGY INPUT {INo:-1Be)
KINETIC ENFRGY (INo=1.Bs)

FLASTIC FNERGY (IN.~-LB.)

TIME= G.0005280

PLASTIC WORK

HonoiH

(IN-LB,)

1322.718
485,471
370.320
~33,073

NO FCRCING FUNCTION IS ACTING DURING THIS CYCLE

v

0. 4004
1.1086
14,8090
224951
3.1587
3.7928
423945
44,9616
564947
5.9867
604241
6. 808K
7.1384
T.4159
T.6515
7.8354
729763
8.0603
8.,0817
840392
7.9283
7.7598
T.5369
7?7589
649239
6.5289
6,0733
5:5714
5501 RS
4a4236
3.7957
3.1423
24687
1.7784
1.0746
0s 3649
-0e.3454
-1.0511
-1a7497
~2+4363
-3.1099
~3. 7632
-403898
-4,9828
-5.5348
640484
-6.5216
-629492
-7.3242
-7.6375
~T+ 8820
~-8.0658
-8.1771
-Ba2165
-B.1894
~821040
~T79633
~Ta 7646
-7.4993
-7:-1734
-607939
~6+3657
-5,9N19
-5.3994
-4 8667
-40296%
-3.6923
-31.0568
~-2.3932
-1.7114
~-1.0153
-N+3098

W

-8.2266
~8,1783
-8.0564
-7.8742
-7.6189
-7.2980
-6.9203
~644925
~6.0228
-5.5101
~449499
-4.3524
-3.7226
~3.0679
-7.3572
-1.7104

- =1.0137

-0.3079
0.4027
1.1118
1.8138
2.5043
3.1793
3.8334
4.4597
5.0495
5.5952
6.0973
6.5443
6.9731
7.2655
7.5441
7.7701
7.9389
8.0378
8.0718
840438
7.9575
7.8253
7.6408
7.4138
701337
6.7978
644065
5.9590
5.4678
4.9373
4.23697
3. 7665
3.1295
2.4620
1.7763
1.0741
0.3646

-0.3453

~1.0504

~1.7468

-2.4290

-3.0884

-3.7198

-453203

-4.8886

~5.4275

~5.9306
~6a40612
~648257
~7.2002

-7.5189

-7.7724

-7.9732

-8.1177

-8.7031

N M

135.6 —-856,2
~5913,0~1C11,¢C
10975.6 =570
5706, =1220, R
12523.5 —-937,6

5544,5 -326,7
1479.9 85,1
-826.3 731.8
20894 204,R
5039,7 ~G28.0
684442 =2T1,2
4550,9 =176,1
7019.7 229.%
9575.9 1432,6
8649,3 639,58
8765.6 1500,2
675541 34,6
8321.2 ~115.7
8684,5 ~210.3
3787,5 ~639.0
4437,2 256.5
6149.9 427.0
8699.2 225.1
5757.8 -160.1
~317.0 ~T13.4
-6387.0-1089.6
9455,8 -201.8
—6011,3-1091,.7
1247245 =91241
5438,7 -332, ¢
1444,1 212.7
~871,7 479.4
2254.3  205.0
5301e5 =82545
97947 -317.9
4637,4 -20,2
7099.2 25846
9702.8 129645
B781.9 £79.4
BR9I5,7 1475.5
6980.2 401.8
8336,5 =~28.6
8462.9 =292, 4
3548,6 -677.7
3855.2 24a6
5695,9 464,
B134.4 222.2
530048 -163.6
~737.7 ~7204.3
~6765.9-1112.0
9307,9 —176.5
—6239,7-1032.5
1211641 -559.3
3059,8 -414.2

974,5 288,8

-1212,3 52845
17066 185.4
4529,8 -755,7
6572.9 =444, 4
4297.6 -91.7
7h21.4 413,5
0729,8 1255,2
8975.7 789,0
9149.7 1476,2
7237,5 182.1
8762.4 90,8
9074,1 =302.5
4109,0 ~651,1
4673.5 430.6
665600 310.1
gN17.5 12643
6291,9 =-35,5

STRAIN
{IN)
-0, 050729
- g NTG0
Ne N8
-(1a3047
~0s0019
~leNN4
B NON4G
GarN23
0,009
-3.0026
-0.0002
-2.000)
J,NC18
Co01058
Dae02G39
e G06C
De 3018
GaNOC4
(01302
-3 0017
N.20132
Ue 0021
J3.0016
[«PSalaiels]
-0.0024
-(eN43
G O3
-0e0C43
-J.0C18
-G GC0E
o 2000
0a.0C15
Ga00C9
-0a.0023
-0, N0C4
GeG0C4
Ca 0016
DaON54
0.0032
0a.0059
Cen02D
02007
-0, 0001
~0,0C19
0. 0014
220021
0s73016
-0,0000
-",0025
=0, 044
G NCGC3
-3,0041
-0.0020
-1 2009
0.0011
Ce 2C16
(e 00G8
-56.,n021
S TRALIR
0.2001
GaNC21
D52
De003%
000059
DeNC13
1.00G12
~5a2001
-0s0C18
Ca0019
N« 0017
3.0013
L D0NS
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STRAIN

(nuT)

0 CN20

NaiN20

00 22008

el 25

fa N30

Ta0211

-e 0201
=(40C17
-0a00ON3
CsC025

Ga0011}

CaCNO7

~Ca 0003
00027
~(1,0009
-G.0029
~{.0203
0.0008

D.0011

00017

-(oC003
-320006
00001

Ce0068

N.0016

L0021

Ce0011

000221

De0N30H

Ca 0011

-0a D004
-0a.03012
-0, 7003
Uad223

Cai12

Na1004

~0.0201
~-Ce 1024
-C. 0010
-3,0029
~CL,DNCS
(3006

Na0713

{aC018

-0.00CS
-0 0307
0, CO0C

0.0007

60016

Ne0321

0., 021G

0020

0,0N31

Qo (013

-0.0006
-C.09213
-C.0003
Q0021

Gs G015

Ga0UNS

- 005
~-0a(N23
-5320011
-2sCN28
Cal 001

D G004

TeC013

563318

-2, 0007
-0, 0003
Ga233

Ca0205
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VO~ oWy

J= 180

TOTAL ENERGY TINPUT (IN.-LB.)
KINEFTIC ENFRGY {(IN.-LB.)
FI ASTIC ENERGY (INe—~LR,)

TIME= 0£.,0008940

PLASTIC WORK

NO FORCING FUNCTION TS ACTING DURING

A

Na4034
1.1133
1.8146
2.4995
3.,1582
3.7930
4a 4048
44,9821
55107
5. 9908
64197
6.7982
1.1239
T«399)
T.6324
T«R161
T. 9586
8. 0454
B.N764
Bs 0469
729490
7.7855
T+ 5480
7.7528
6.9172
6.5309
60NBNS
55735
5.0128
4ob4t b4
3. 7974
32,1510
2.4758
1.7825
1.0775
0.3668
-0.3431
=-1.0479
=1, 7463
-2.4330
~-3.1073
-3.7614
-4,3915
-%o9920
-5.5532
~-6.0710
~645326
-6.9456
=T-3204
-Ta644%
-T.8861
-B.0740
-8.1713
-R.2087
-Ra2N12
-8.1332
-7.9880
~T«7748
~Ta4971
-T7a1634
-6.7793
-6.35M8
~5. 8BT3
-5.3841
-448511
-4,2827
-3,6837
-3a0546
-?2+3962
-1l.7151
-1.0154
-0.3072

W

~842214
-8.1843
-8.0686
-7.8783
~T.6112
~7.2902
-6.9287
-6.5151
~600407
-5.5170
~4.9506
-4,3485
~3.7168
-3.0616
-2.3601
-1.7C34
~1.2066
-0.3013
0.4084
1.1187
1.8728
25150
3.1856
3.8329
404595
50563
5.6062
6a10044
65414
609292
7.2781
75727
77927
79477
8,13852
8.0604
B.0275
T7.9381
Ta8C54
726218
723957
7.1178
6+7899
6240092
549730
Se4855

4a9441

4a3647
3.7608

3,1278

2.4631

1.7749

1.0706
0a3607
~0.3504
-1.0574
-1.7527
~204305
-3.,0844
-3,7124
-4,3104
-4,8773
~5.4162
-5,9183
- 643850
-6.8156
~7.1573
~7.5784
-7.7963
~8,00C5
~8.1291
~8.1963

= 1322.718

= €22.329

= 757,998

(INa-LB,) = =57+ 6109
THIS CYCLE
N M STRAIN STRAIN
(IN) {ouT)
52840 =37s6 (.2C04 00004
122870 7-155346 ~0.3040 [,0045
B37805-1300e1 -3.NC36 Ca{336
9554.3-1694.8 -0.2048 20746
7427.1 20845 0.0014 0,000C
15427,7 1257.9 J,0058 -0.7219
2737al  =69,0 f.,N000 02,0003
=737.2-1362a7 ~Ca0047 0.0031
~34T7a8 -679,2 -0.7022 (.0014
2437.8 -423.8 -0,0C012 D.0012
752.8 21.7 0.00751 =CaNOC
1387445 504 007016 L0408
627966 494,07 00,0023 -0.0007
129743 1494.1 90,7052 -0.0034
784324 838,32 00,0036 -0,0014
61123 16572 6 0.1062 —-0.0035
132416 426,9 0N.0028 =0.,0001
588502 48404 N.0022 -2.0007
—-801.1 134.2 CoN004 -C.0004
11614.7 -653s1 ~0.0010 (,0023
9560s5 ~44349 ~042005 (2017
15795461399, 8 ~J0.0C31 (.N044
1883448 -113.9 Ja7015 (o015
1793342 1334, 8 1.0062 -0, 002¢C
5873.7 25247 20014 -C.0002
1276529=1582,7 =2.0041 12,7046
B64T.4~13222,3 -0.2036 00037
9855,6~17314G ~Na3049 (,0047
164540 6lat DLN0LD 32,0004
1565944 1382.2 00,0062 -0,0L022
2G628,7 46a2 Ja0OPN4 32,0701
=697 1~146644 ~0a0C50  G,0034
~491.,8 -528,5 ~Ca0018 0Q,0912
2308,9 =575, =0.0017 {,0015
2198 -42.5 =0.2001 00,3001
13365.4 2513 0,0022 (2903
5549.9 436.4 220020 -2.0007
5271 1563.1 00,0053 ~{,Cl3¢
7133,0 82644 Q40035 -(.0014
532441 1492.5 Q0056 -aN031
12587.0 49545 07029 =3,0023
5257,8 527.9 Q.0023 -0,0009
=128148 142.8 0.0003 ~Cea2024
111377 =587.7 =1.0009 (,0021
978243 =501.7 =0.0N0C8  $.0018
155150 8-1460a1 =0.7034 0045
18R63.7 ~T0s3 J.0017 00914
17291.6 1343,2 G.0063 —0,0020
6363.3 261,88 0.0C15 -3,.0002
13557,3-1638.7 -L.0038 0.0045
9658,7~1396.5 =1.0(:38 (,0039
13682,79-181%.5 ~0a0951% (.0050
§124,7 1161 00013 (.0003
16997,9 13794 N.02064 ~0,0021
432648 88,6 0,0007 0,0001
7266 7=1397a € =Na 0047 N,0033
665.4 =T13,8 ~0.0024 0,N017
3372.0 -607.3 -0.0017 0,0016
965a7 19.4 0.00C2 0.,000C
13969.9 20742 05,0021 6,0G005
6045.8 €40.4 DNa0328 -0,0011
739.6 1450.5 0.0N51 =N,0N35
7915.6 67343 1.0029 -N, 0710
5087.1 1591,C 0.0C89 ~0,.L934
12133.1 398.2 00026 -(.(NC1
4624,7 64848 00027 -0,0012
=210%e5 275a4 De0QT =P,.008
1024045 =725.7 =0.0014 (0026
8263,8 <5267 ~(,009 02,0018
14606.5-1454,8 =-L,03035 ",0044
17785.,2 =95.4 .0015  J.N014
1617762 1627.2 1ad071 -Co0027
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J= 200 TYIME= (C.000663"
TOTAL ENFRGY INPUT (IN.-LB.) = 1322.718
KINETIC ENFRGY (IN.~LB.} = 722,821
ELASTIC ENERGY (INo=LR.) = 611.96C
PLASTIC WORK (INa-LB.) = ~18.063
NO FORCING FUNCTION IS ACTING DURING THIS CYCLE
v W N M STRAIN STRAIN
(IN) (NUT}
064025 -8,2215 =1782,1 -270.S -0,0011 9H,n005
1.1102 -8,1613 -1823,0 260 C =11aH001 -0, G002
1.8103 -8.0398 4543,0 ~438,1 -0,0010 0£.0013
24955 <=T7.8533 =-5787.5 125.1 =0,0002 ~(.3057
23,1625 -7.6086 1032.4 ~146.0 -",D0C4 73,0906
3.R046 -T7.3054 -2121,8~1275.4 -N,2045 0.7028
4.4103 =649347 -4137.8 ~42.5 =0.00% —0.,0002
4s9810 -6,5118 -1561.3 ~181.3 -0,.0008 (,0202
525110 =6,0394 =-5758.8 -828.1 ~J)aN034 (,4015
5.9902 <~5.5161 -11966.7-1351.8 -3.0357 (.0024
66,4094 =4,9427 -1432,1 -32,5 -2,7033 —C,0030
67764 ~4,3350 -1N039,% 1334,2 N,N035 -n,n038
71019 =3,7049 =20%44.8 992.8 00,0012 -0.(N38
743804 -3,0529 -26249.3 1243.9 540015 -0.0047
Tob131 -2.3828 -1B047.5 B35.2 L[LC0Ll0 -(,7732
TaT947 =1,6966 —1124%.4 15574 N 0041 —N,0044
7.9378  -0.9996 638.6 828.3 LaN029 -0L,0019
80193 =n,2945 -355,7 1468.,6 £$.0N49 —(0, 0035
Ra0608 0a4143 -76670.1 192,8 =),0001 ~0,0010
8a0421 121234 -1244G.1-140%3,4 ~D,2060 15,0024
7.9447 128270 ~1017.7 -633.5 ~3,3(23 0,0014
7.7793 225175 =5178.0 ~83.3 -01,0008 =0,7002
7.553n 3.1905 -5215,3 67a2 -0, 0063 =0, 005
T.769? 38416 =1201.7=10672.2 =2.003T €,0024
6.9191 404595 ~2778.7 =341,5 ~N,0014 0,006
6.5129 5.0421 =2634,3 -86,2 -0.N006 -{.0000
64 0564 5.5867 38797 ~179.5 -0.0002 01,0007
5.5533 62N877 —6581,7 112.8 ~0.0003 ~0.0007
5.0087 605439 583,00 =274,2 -3.07209 0.0007
44748 629481 =2308,1~1266.6 ~Ng2045 0.0028
3.8008 Te2RT0  =4706,0 -125,5 -0,0098 13,0000
3.1487 75687 =-1237.1 -90,2 =07004 (06001
241745 77913 -5036.0 =6€5444 -Da1027 “1.6512
1.7871 729466 =10130,4~1531,C -0 CCH2 0.1029
1.7758 R.N228 —4725.8 ~30.8 =9,0072 0,009
0.3661 8s0368 -8856,4 128441 Ca0034 ~-0,0036
-0.3424 8.0031 -19855.2 BB84.6 06,0010 -0,0034
-1.0461 729166 ~25128.6 1484.,2 D,3025 -(,3052
-1.7439 TaT842 =17228.0 8075 22010 -0,0G30
-2,47 R4 725992 -17648.6 1495.8 “,0040 ~5,1042
-3.10172 7.37C6 11767 829.8 05.,N029 =0,0019
~3,7552 70932 1173 12971 CaN044 -3, 3030
-4,3891 6.7733 ~7179,0 269.1 12,0002 =0,0311
-4,9936 624019 -12207,8-1264,8 =Ca0055 0N,0021
-5.5548 509665 ~821.9 ~£83,8 -0,00624 92,0015
=6.0703"  5.4787 =5155.1 ~119.7 =0,0009 -0.0001
-645399 4.9456 =-5610.4 6622 ~0.0004 -2,0005
-6,9618 4.3743 =1529,9-1956,6 -0.N037 C(.C024
-7.3217 3,7621 -3371.9 -235.€ -N.A015 (,0005
-7.6231 3,1191 =3500e6 ~7207 =0e0006 ~0,0071
-T.R665 24515 3040 =199.5 =N,0004 (L0007
-8.0486 1.765%3 -74{1.8 5362 ~0aN0N6 =L, NAO0E
~8.1704 1.0654 -30142 -143.6 -0.0005 0£,0003
-8.2791 003579 =3258,8=1183,9 ~,0043 £,0025
~802119 -0a.3521 <-—4978.6 =-275.2 =2a2G1l4 1[,00032
-8a1295 =-1.0574 =2293.0 =62.5 =7,2005 =2.0000C
~7.9850 ~1.7525 =-6C91.9 -700.8 -2,2030C (a{012
~T.7725 =2,4795 -11191.,7-1848. 8 =1,Nn64 (,0029
=T 4845 =3,0TR8 =1413,8 217.5 (06 =",06096
=7.1431 -3,7012 -9834.1 1183.5 1,030 -0.0035
—6.T601  —4,2982 -20655.8 862.5 C.NCOR -0, N34
~643335 -4,8644 -25908,7 1512.2 C.0025 -L,0053
~5,8707 —5.4021 -17699.5 642,77 0003 =D,0326
-5,3665 =5,9018 =10845,7 166422 10045 =0,0G047
-4,8377? -6.3702 1479.2 612.0 12,0032 -0,.4021
-4,72655 -6,.7988 57%.8 1214.1 23,7041 -C."7028
~3.6T17 ~T7,1879 =6615a8 290.8 (40003 -0,0011
-3,0479 =T7.5262 -11254,3=1387,1 —-740058 (0125
-2.3898 -7.7936 194.8 =721a2 =0.0024 0,0717
“1.7087 -7.,9946 -38%4.2 119.3 00,4070 -0,3006
-1.0129 =B8.1366 =~4122.1 =-68.5 ~2.7707 =(,0001
-0.3072 ~R,21¢4 -53,2-1121.7 =7 038 N,0026
FIRST YIEIDING AT TIME= 2,7001304
TIME (OF FIRST BOND TENSICN FATLURE = 0.037799¢
TIME OF FIRST ROND SHEAR FAILURE = D,00n0165
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